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[57] ABSTRACT 

An IC Card includes an image input device and an acoustic 
input device. A transmission controller transmits electrical 
signals received from the image input device or the acoustic 
input device to a telephone or communication line, or 
transmits signals received from the communication line 
through a first connector to a terminal such as a personal 
computer. A frame supports the image input device, and the 
acoustic input device, the transmission controller, while a 
panel fixed to the frame encloses the image input device, the 
acoustic input device and the transmission controller. 
Another type of IC card has a frame with a main body and 
an extension connected thereto. The extension encloses the 
image input device and the acoustic input device. In a 
modified IC card, at least one of the image input device and 
the acoustic input device includes a rotatable connecting 
member so that the direction of the device can be set in a 
wide range. 

18 Claims, 8 Drawing Sheets 
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IC CARD HAVING CAMERA, 
MICROPHONE, AND MODEM FOR USE IN 
INFORMATION PROCESSORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an IC card used for 
information processors such as personal computers or per- 
sonal digital assistants. 

2. Description of the Prior Art 

An IC card is a card including an integrated circuit such 
as a central processing unit or a memory device, and it is 
used as a peripheral equipment for information processing 
apparatuses such as a notebook-sized computer and a per- 
sonal digital assistant IC cards including a memory device 
such as a static random access memory or a flash memory 
are used as a memory medium. There are also IC cards 
having various functions such as a facsimile modem. 

A notebook-sized computer is a portable personal com- 
puter for individual use. It can be used as a terminal for 
processing information, and its functions are being 
expanded rapidly. A terminal such as a personal digital 
assistant of various types far individual use will also be used 
widely, and it will be expected to be used for various uses 
such as a video conference through a communication line. 
Then, there are demands for IC cards and terminals serving 
various functions. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an IC card 
having various communication functions. 

Another object of the present invention is to provide a 
terminal for processing information into which an IC card 
having various communication functions can be inserted. 

A type of an IC card comprises an image input device 
converting an optical signal to an electrical signal and an 
acoustic input device converting an acoustic signal to an 
electrical signal A transmission controller transmits an 
electrical signal received from the image input device or the 
acoustic input device through a connector to a telephone or 
communication line or transmits an electrical signal received 
from the communication line through a first connector to a 
terminal such as a personal computer. A frame mounts the 
image input device, the acoustic input device, the transmis- 
sion controller, while a panel fixed to the frame encloses the 
image input device, the acoustic input device and the trans- 
mission controller. Further, the panel comprises a first hole 
for propagating an image to said image input device and a 
second hole for propagating a sound to said acoustic input 
device. This type of an IC card is used for a computer having 
a slot therefor and having holes corresponding to the first 
and second holes so as not to prevent propagation of an 
image and a sound when the IC card is inserted into the slot 

Another type of an IC card has a feature that a frame 
mounting an image input device, an acoustic input device, a 
transmission controller and first and second connectors 
comprises a main body and an extension connected thereto. 
The extension encloses the image input device and the 
acoustic input device, and it comprises a first hole for 
propagating an image to the image input device and a second 
hole for propagating a sound to the acoustic input device. 
This type of an IC card is used for an conventional computer 
without providing holes corresponding to the first and sec- 
ond holes. In a modified IC card, at least one of the image 
input device and the acoustic input device comprises a 
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rotatable connecting member which is connected to the 
frame. Then, the direction of the image input device or the 
acoustic input device can be set in a wide range. 

An advantage of the present invention is that image and 
5 acoustic signals can be dealt only by inserting an IC card 
into a terminal because an image input device and an 
acoustic input device is integrated in an IC card. 

Another advantage of the present invention is that an 
image input device and/or an acoustic input device can be set 
10 at a desired direction by an operator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
is invention will become clear from the following description 
taken in conjunction with the preferred einbodiments thereof 
with reference the accompanying drawings, and in which: 
FIG. 1 is a perspective view of an embodiment of an IC 
card according to the invention; 
20 FIG. 2 is a circuit diagram of the IC card shown in FIG. 

l; 

FIG. 3 is a perspective view of a notebook-sized computer 
into which an IC card shown in FIG. 1 can be inserted; 
25 FIG. 4 is a perspective view of a modified example of the 
notebook-sized computer shown in FIG. 3; 

FIG. 5 is a perspective view of a second embodiment of 
an IC card according to the invention; 

FIG. 6 is a perspective view of a notebook-sized computer 
30 into which an IC card shown in FIG. 5 can be inserted; 

FIG. 7 is a perspective view of a personal digital assistant 
into which an IC card shown in FIG. 5 can be inserted; 

FIG. 8 is a perspective view of a third embodiment of an 
IC card according to the invention; 

FIG. 9 is a perspective view of a fourth embodiment of an 
IC card according to the invention; 

FIG. 10 is a perspective view of a photoelectric converter 
device; 

40 FIG. 11 is a perspective view of the photoelectric con- 
verter device connected to a frame; 

FIG. 12 is a perspective view of a fifth embodiment of an 
IC card according to the invention; 

FIG, 13 is a perspective view of a modified embodiment 
45 of the fifth embodiment of an IC card according to the 
invention; 

FIG. 14 is a perspective view of a sixth embodimeat of an 
IC card according to the invention; and 
50 FIG. 15 is a perspective view of a notebook-sized per- 
sonal computer having a slot for inserting the IC card shown 
in FIG. 14. 

DETAILED DESCRIPTION OF THE 
5J PREFERRED EMBODIMENTS 

When a video conference is held by using a monitor 
display and a speaker of a notebook-sized personal 
computer, personal digital assistants and the like, a video 
image and a sound of an operator have to be sent through a 

60 communication line, while a video image and a sound of 
other operators have to be displayed on the monitor display 
and heard with the speaker. In order to send and receive a 
video image and a sound, an IC card may be proposed to 
have functions of processing image and sound signals. For 

65 mis purpose, it is possible to connect a camera unit and a 
microphone unit to the IC card directly or through cables. 
This setup has an advantage that the camera unit and the like 
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can be arranged at appropriate positions, but it has a disad- 
vantage that they have to be fixed always with a hand or the 
like. 

In the invention, an image input device and an acoustic 
input device are integrated with an IC card. Referring now 5 
to the drawings, wherein like reference characters designate 
like or corresponding parts throughout the several views, 
FIG. 1 shows an IC card 8 of an embodiment according to 
the invention. In the IC card 8, a board (not shown) 
mounting an electrical circuit is fixed to a frame 5, and the 10 
frame is fixed to and protected by upper and lower panels 4 
(the lower panel is not shown). The upper panel 4 has a top 
plane with a convex shape at the peripheral thereof. A 
connector 1 to be connected to a system (host) such as a 
personal computer is counted at an end along a longitudinal 15 
direction of the IC card 8, in order to make it possible to 
communicate data with the system. Further, another or rear 
connector 6 (not shown) to be connected to an ISDN 
network (telephone line) is counted at the other end along 
the longitudinal direction of the IC card 8, in order to make 20 
it possible to communicate data through the telephone line. 
As shown in FIG. 1, the upper panel 4 has a hole 2 for 
receiving an image and a hole 3 for receiving a sound, and 
a photoelectric converter device 10 such as a charge-coupled 
device and an acousto-electric converter device 11 such as a 25 
microphone are mounted on the board fixed to the frame 5 
so as to be arranged just below the holes 2 and 3. A size of 
the IC card 8 is usually 85.6 mm * 54 mm 

FIG. 2 is a circuit diagram of the IC card shown in FIG. 
1. A central processing unit (CPU) 16 is connected to a ROM so 
17 storing a program and data and to a RAM 18 used as a 
data buffer. The CPU 16 communicates data with a tele- 
phone line or an external system (not shown) through a 
PCMCIA (Personal Computer Memory Card International 
Association) interface 19 and the connector 6. On the other 35 
hand, an image (optical signal) received by the photoelectric 
converter device 10 through the hole 2 is converted to an 
electrical signal, and the signal is coded in real time by an 
image encoder 12 to image data to be input to a signal 
multiplexer/demultiplexer 14. At the same time, a sound 40 
(acoustic signal) received by the acousto-electric converter 
device 11 is converted to an electrical signal, and the signal 
is coded in real time by an acoustic encoder 13 to sound data 
to be input to the signal multiplexer/demultiplexer 14. The 
signal multiplexer/demultiplexer 14 allocates one slot alter- 43 
nately to image and acoustic input data for multiplication, 
for example, according to 11320 standards of International 
telecommunication Union (ITU), and an ISDN (Integrated 
Services Digital Network) interface 15 sends the multiplex 
signals through the rear connector 6 to the ISDN network 50 
(telephone line). On the other hand, the signal multiplexer/ 
demultiplexer 14 receives signals through the ISDN 
network, the connector 6 and the ISDN interface 15 and 
separates them to image signals and acoustic signals. The 
CPU 16 receives (he separated signals and sends them to the 55 
system, which generates an image and a sound according to 
the signals. (A similar electrical circuit is mounted on boards 
in embodiments to be explained below, but the explanation 
of the circuit is omitted for concise explanation). 

FIG. 3 shows a notebook-sized computer having a slot 23 60 
for inserting the IC card 8 shown in FIGS. 1 and 2. The 
computer consists of a base having a keyboard 21 and a top 
20 having a display 22 and a speaker 26. The top 20 
connected to the base is moved relatively to the base. The 
slot 23 is provided near the display 22 so mat an IC card can 65 
be inserted from above. Holes 24 and 25 for receiving an 
image and a sound are provided at positions in correspond 
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dence to the holes 2 and 3 of the IC card when the IC card 
is inserted into the slot 23. The holes 24 and 25 are empty 
for propagating an image and a sound. However, a window 
made of a transparent material may be provided at the hole 
24 for receiving an image. 

FIG. 4 shows a modified example of a notebook- sized 
computer, wherein a lens 28 as a component of the photo- 
electric converter device 10 may be mounted at the hole 24. 

An IC card 8 is inserted into the personal computer shown 
in FIG. 3 or 4, for example, on video conference. Signals 
(information) are received from the other party through the 
rear connector 6, and an image included in the signals is 
displayed on the display 22 and a sound included in the 
signals is generated at the speaker 26. 

As explained above, an image input device and a sound 
input device are integrated in the IC card 8 shown in FIGS. 
1 and 2. Then, an image and a sound can be input only by 
inserting the IC card 8 Into a terminal such as a personal 
computer shown in FIG. 3 or 4, 

FIG. 5 shows an IC card 108 of a second embodiment 
according to the invention. The IC card 108 includes a board 
(not shown) mounting an electrical circuit and fixed to a 
frame 105, and the frame 105 is fixed to and protected by 
upper and lower two panels 104. A connector 101 to be 
connected to a system (host) such as a personal computer is 
mounted at an end along a longitudinal direction of the IC 
card 108, in order to make it possible to communicate data 
with the system. Further, another or rear connector 106 (not 
shown) to be connected to an ISDN network (telephone line) 
is mounted at the other end along the longitudinal direction 
of the IC card 108, in order to make it possible to commu- 
nicate data through the telephone line. A width of the IC card 
108 is 54 mm similar to that of the IC card shown in FIG. 
1, but the length thereof is larger than 85.6 mm. The upper 
panel 104 is flat in contrast to the counterpart 4 of the IC card 
shown in FIG. 1. Further, the frame 105 comprises a main 
body 105a and an extension 105b connected to an end of the 
main body 105a at the rear side. The extension \0Sb is a 
feature of the IC card 108. The bottom of the extension XOSb 
extends straightly from the main body 105a of the IC card, 
while the top thereof protrudes upward. A top plane of the 
extension 105J> has a hole 102 for receiving an image and a 
hole 103 for receiving a sound, and a photoelectric converter 
device 110 such as a charge-coupled device and an acousto- 
electric converter device 111 such as a microphone are 
mounted on the board fixed to the frame 105 to be arranged 
just below the holes 102 and 103. The direction of the top 
plane of the extension 1052> is set so that an image and a 
sound of an operator of the computer are easy to be detected 
when the IC card 108 is inserted. In the example shown in 
FIG. 5, the top plane of the extension lOSb is generally 
parallel to the top plane of the panel 104. 

FEG. 6 shows a notebook-sized computer into which the 
IC card shown in FIG. 5 is inserted. The computer is similar 
to that shown in FIG. 3 except that no holes for receiving an 
image and a sound are provided in the top 20 because the IC 
card 108 having the extension 105& is inserted into a slot 123 
from above. As explained above, the extension 105& 
includes the holes 102, 103 for receiving an image and a 
sound, and the photoelectric converter device 110 and the 
acousto-electric converter device 111 both arranged just 
below the holes 102 and 103. In other words, an ordinary 
notebooksized computer can be used for the IC card 108, 

FIG. 7 shows a personal digital assistant (PDA) into 
which the IC card 108 shown in FIG. 5 is inserted. The PDA 
comprises a display 32, and the IC card 108 is inserted into 
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a slot (not shown) provided at a top end of the PDA. The IC FIG. 10 shows the photoelectric converter device 510 
card 108 is located just below the display 3Z Therefore, an having the spherical joint 309 having a spherical part at an 
image and a sound of an operator who operates the PDA by end thereof. Hie device 310 is connected with the spherical 
using a picture plane of the display can be introduced joint 309 to the frame 305 of the IC card mechanically and 
eventually through the holes 102 and 103, and they are 5 with a cable 307 to the IC card electrically. FIG. 11 shows 
converted to electrical information by using the photoelec- a situation of the photoelectric converter device 310 con- 
trie converter device 110 and the acousto-electric device 111. nected to the frame 305. The direction of the hole 302 of the 

FIG. 8 shows an IC card of a third embodiment according photoelectric converter device 305b can be changed by 

to the invention. The IC card comprises a main body 208 and rotating the device 310 with the spherical joint 309. 

an extension 209, and the extension 209 is connected with 10 FIG. 12 shows an IC card 408 of a fifth embodiment 

a hinge 207 to the main body 208. Thus, the extension 209 according to the invention, wherein the direction of an 

pivots against the main body 208. This IC card 208 is similar acousto-electric converter device 411 can be changed freely, 

to that shown in FIG. 5 except the hinge 207 and relevant A structure of the acousto-electric converter device 410 for 

modifications. The main body 208 includes a board (not connection to a frame 405 of the IC card 408 is similar to 

shown) mounting an electrical circuit and fixed to a frame 15 that of the photoelectric converter device 410 shown in 

205, and the frame 205 is fixed to and protected by upper and FIGS. 9-11. The IC card 408 includes a board (not shown) 

lower panels 204 (the lower panel is not shown). A connec- mounting an electrical circuit and fixed to the frame 405. and 

tor 201 to be connected to a system (host) such as a personal the frame 405 is fixed to and protected by upper and lower 

computer is mounted at an end of the frame 205 opposite to panels 404 (the lower panel is not shown). A connector 401 

the hinge 207. Another rear connector 206 (not shown) to be to be connected to a system (host) such as a personal 

connected to an ISDN network (telephone line) is mounted computer is mounted at an end along a longitudinal direction 

in the extension 209 at an end opposite to the hinge 207. The of the IC card 408. Further, another connector 406 (not 

bottom of the extension 209 extends continuously from the shown) to be connected to an ISDN network: (telephone line) 

main body of the IC card, while the top thereof protrudes is mounted at the other end along the longitudinal direction 

upward. A top plane of the extension 209 has a hole 202 for 25 of me IC card 408. The frame 405 comprises a main body 

receiving an image and a hole 203 for receiving a sound, 405a and an extension 4056 connected to the main body 

while a photoelectric converter device 210 such as a charge- 405a at an end thereof along the longitudinal direction. The 

coupled device and an acousto-electric converter device 211 extension 4056 exists only at the left side. The bottom of the 

such as a microphone are arranged just below the holes 202 extension 4056 extends straightly from the main body of the 

and 203. 30 IC card, while me top thereof protrudes upward. A top plane 

In the IC card 208, the extension 209 is connected with a of toe extension 4056 has a hole 402 for receiving an image, 
hinge 207 to the main body 208. Therefore, the direction of and a photoelectric converter device 410 such as a charge- 
the extension 209 can be changed back and forth along the coupled device is arranged just below the hole 402. It is a 
longitudinal direction of the IC card. Then, if the IC card is feature of this embodiment that the acousto-electric con- 
inserted into the personal computer as shown in FIG. 3, an 35 verter device 411 such as a microphone is connected to the 
image other than the operator can be transmitted by cfaang- main bodv a spherical joint (not shown), and a 
ing the direction of the extension 209 back and forth. ^o\t 403 for receiving a sound is provided at a front side 
Further, if the IC card is inserted into the personal digital thereof. 

assistant 30 as shown in FIG. 7, an image other than the FIG. 13 shows an IC card 508 of a modified eniboaimcnt 

operator can also be transmitted by changing the direction of 40 °f the fifth embodiment, wherein the directions of a photo- 

the holes 102 and 103. electric converter 310 and an acousto-electric converter 

FIG. 9 shows an IC card 308 of a fourth embodiment device 411 can be changed freely with spherical joints (not 

according to the invention wherein the direction of a pho- shown). Structures of the photoelectric converter device 310 

todectric converter device 310 can be changed freely. The and the acousto-electric converter device 411 for connection 

IC card 308 includes a board (not shown) mounting an 45 t0 a frame 405 of the IC card 508 are the same as the 

electrical circuit and fixed to a frame 305, and the frame 305 counterparts of the photoelectric converter device 310 

is fixed to and protected by upper and lower panels 3W (the shown in FIGS. 9-11 and the acousto-electric converter 

lower panel is not shown). A connector 301 to be connected device 411 shown in FIG. 12. The IC card 508 includes a 

to a system (host) such as a personal computer is mounted board (not shown) mounting an electrical circuit and fixed to 

at an end along a longitudinal direction of the IC card 308. 30 the frame 505, and the frame 505 is fixed to and protected 

Further, another connector 306 (not shown) to be connected «PP« and lower panels 504 (the lower panel is not 

to an ISDN network (telephone line) is mounted at the other shown). A connector 501 to be connected to a system (host) 

end along the longitudinal direction of the IC card 308. The such as a personal computer is mounted at an end along a 

frame 305 comprises a main body 305a and an extension longitudinal direction of the IC card 508. Further, another 

3056 connected to the main body 305a at an end thereof 55 connector 506 (not shown) to be connected to an ISDN 

along the longitudinal direction. Hie extension 3056 exists network (telephone line) is mounted at the other end along 

only at the right side. The bottom of the extension 3056 the longitudinal direction of the IC card 508. 

extends straightly from the main body of the IC card, while As explained above, in the IC cards shown in FIGS. 9-14, 

the top thereof protrudes upward. A top plane of the exten- the direction of the devices for receiving a sound and/or an 

sion 3056 has a hole 303 far receiving a sound, and an 60 image can be changed as desired by an operator, 

acousto-electric converter device 311 such as a microphone FIG. 14 shows an IC card 608 of a sixth embodiment 

is mounted so as to be arranged just below the hole 303. It according to the invention. The IC card 608 arranges a 

is a feature of this embodiment that the photoelectric con- photoelectric converter device 610 and an acousto-electric 

verter device 310 such as a charge-coupled device is con- converter device 611 at a shorter side thereof similarly to 

nected to the main body 305a of the frame 305 with a 65 that shown in FIG. 5, but with different directions thereof, 

spherical joint 309 (refer to FIG. 10) and it has a hole 302 The IC card 608 includes a board (not shown) mounting an 

for receiving an image at a front side thereof. electrical circuit and fixed to a frame 605, and the frame 605 
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is fixed and protected by upper and lower panels 604 (the 
lower panel is not shown). A connector 601 (not shown) to 
be connected to a system (host) such as a personal computer 
is mounted at an end along a longitudinal direction of the IC 
card 608. Further, another connector 606 to be connected to 
an ISDN network (telephone line) is mounted at the other 
end along the longitudinal direction of the IC card 608. 
Further, the frame 605 comprises a main body 605a and an 
extension 605b connected to the main body 605a at a shorter 
side of the IC card. The bottom of the extension 6056 
extends straightly from the main body 605a of the IC card, 
while the top thereof protrudes upward. A top plane of the 
extension 6056 has a hole 602 for receiving an image and a 
hole 603 for receiving a sound, and the photoelectric con- 
verter device 610 such as a charge-coupled device and the 
acousto-electric converter device 611 such as a microphone 
are mounted on the board fixed to the frame 605 to be 
arranged just below the holes 602 and 603. The direction of 
planes having the holes 602 and 603 are slant with respect 
to the top panel 604 so that the holes 602 and 603 for 
receiving an image and a sound of an operator can face the 
operator when the IC card 60S is inserted. 

FIG. 15 shows a notebook-sized personal computer. The 
computer consists of a base having a keyboard 621 and a 
speaker 636, and a top 620 having a display 622. The top 620 
connected to the base is movable relatively to the base. The 
computer has a slot (not shown) for inserting an IC card 60S 
shown in FIG. 14. The slot is provided beside the display 
622, and it is hidden in FIG. 15 by the IC card 608 inserted 
into the slot By adjusting an angle of the IC card 60S or the 
holes 602 and 603 for receiving an image and a sound, an 
image and a sound of an operator can be transmitted surely. 

Although the present invention has been fully described in 
connection with the preferred embodiments thereof with 
reference to the accompanying drawings, it is to be noted 
that various changes and modifications are apparent to those 
skilled in the art Such changes and modifications arc to be 
understood as included within the scope of the present 
invention as defined by the appended claims unless they 
depart therefrom. 

What is claimed is: 

1. An IC card comprising: 

a first connector connectable to a terminal for processing 
information; 

a second connector connectable to a communication line; 

an image input device converting an optical signal to an 
electrical signal; 

an acoustic input device converting an acoustic signal to 
an electrical signal; 

a transmission controller transmitting an electrical signal 
received from said image input device or said acoustic 
input device through said second connector to the 
communication line and transmitting an electrical sig- 
nal received from the communication line through said 
first connector to the terminal; 

a frame mounting said image input device, said acoustic 
input device, said transmission controller and said first 
and second connectors; 

a panel connected to said frame, said panel enclosing said 
first connector, said second connector, said image input 
device, said acoustic input device and said transmission 
controller; 

wherein said panel comprises a first hole for propagating 
an Image to said image input device and a second hole 
for propagating a sound to said acoustic input device. 
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2. The IC card according to claim 1, wherein said trans- 
mission controller comprises a signal multiplexer which 
generates multiplex signals of the electrical signals received 
from said image input device and from said acoustic input 
device and transmits the multiplex signals through said 
second connector to the comrnuiii cation line. 

3. The IC card according to claim 1, wherein said trans- 
mission controller comprises a signal demultiplexer which 
separates image signals and acoustic signals from multiplex 
signals received through said second connector and sends 
the image and acoustic signals through said first connector 
to the terminal. 

4. An IC card comprising: 

a first connector connectable to a terminal for processing 
information; 

a second connector connectablc to a communication line; 

an image input device converting an optical signal to an 
electrical signal; 

an acoustic input device converting an acoustic signal to 
an electrical signal; 

a transmission controller transmitting an electrical signal 
received from said image input device or said acoustic 
input device through said second connector to the 
communication line and transmitting an electrical sig- 
nal received from the communication line through said 
first connector to the terminal; 

a frame mounting said image input device, said acoustic 
input device, said transmission controller and said first 
and second connectors, said frame coniprising a main 
body and an extension connected thereto, said exten- 
sion enclosing said image input device and said acous- 
tic input device and mounting said second connector at 
an end thereof, said extension coniprising a first hole 
for propagating an image to said image input device 
and a second hole for propagating a sound to said 
acoustic input device; and 

a panel connected to said frame, said panel enclosing said 
transmission controller. 

5. The IC card according to claim 4, wherein said exten- 
sion has a surface at which said first and second holes are 
provided, and the surface is parallel to an upper surface of 
said panel along a direction perpendicular to the longitudinal 
direction of said frame. 

6. The IC card according to claim 4. wherein said exten- 
sion has a first surface at which said first hole is provided and 
a second surface at which said second hole is provided, and 
the surfaces are slant with respect to an upper surface of said 
panel along a direction perpendicular to the longitudinal 
direction of said frame, 

7. The IC card according to claim 4, wherein said frame 
comprises a main body and said extension, said frame 
further comprising a hinge connecting said main body to 
said extension. 

8. Hie IC card according to claim 4, wherein said trans- 
mission controller comprises a signal multiplexer which 
generates multiplex signals of the electrical signals received 
from said image input device and from said acoustic input 
device and transmits the multiplex signals through said 
second connector to the communication line. 

9. The IC card according to claim 4, wherein said trans- 
mission controller comprises a signal demultiplexer which 
separates image signals and acoustic signals from multiplex 
signals received through said second connector and sends 
the image and acoustic signals through said first connector 
to the terminal. 
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10. An 1C card comprising: 

a first connector connectable to a terminal for processing 
information; 

a second connector connectable to a communication line; 

an image input device converting an optical signal to an 
electrical signal, said image input device comprising a 
first hole fox propagating an image; 

an acoustic input device converting an acoustic signal to 
an electrical signal, said acoustic input device compris- 
ing a second bole for propagating a sound; 

a transmission controller transmitting an electrical signal 
received from said image input device or said acoustic 
input device through said second connector to the 
communication line and transmitting an electrical sig- 
nal received from the communication line through said 
first connector to the terminal; 

a frame mounting said image input device, said acoustic 
input device, said transmission controller and said first 
and second connectors; and 

a panel connected to said frame, said panel enclosing said 
transmission controller and said first and second con- 
nectors; 

wherein one of said image input device and said acoustic 
input device comprising a rotatable connecting member 
which is connected to said frame. 

11. The IC card according to claim 10, wherein said 
connecting member comprises a spherical joint. 

12. The IC card according to claim 10, wherein said image 
input device comprises said connecting member. 

13. The IC card according to claim 10, wherein said 
acoustic input device comprises said connecting member. 

14. The IC card according to claim 12, wherein said 
acoustic input device comprises said connecting member. 
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15. The IC card according to claim 10, wherein said 
transmission controller comprises a signal multiplexer 
which generates multiplex signals of the electrical signals 
received from said image input device and from said acous- 

5 tic input device and transmits the multiplex signals through 
said second connector to the communication line. 

16. The IC card according to claim 10, wherein said 
transmission controller comprises a signal demultiplexer 

10 which separates image signals and acoustic signals from 
multiplex signals received through said second connector 
and sends the image and acoustic signals through said first 
connector to the terminal. 

17. A terminal for processing information comprising a 
15 casing and an electrical circuit enclosed by the casing, the 

casing comprising: 

a slot for inserting an IC card enclosing an image input 
device converting an optical signal to an electrical 
2Q signal, said image input device comprising a first hole 
for propagating an image, an acoustic input device 
converting an acoustic signal to an electrical signal, 
said acoustic input device comprising a second hole for 
propagating a sound, the IC card transmitting the 
25 electrical signals received from the image input device 
and said acoustic input device to the terminal; and 
third and fourth holes provided at positions in correspon- 
dence to the first and second holes when the IC card is 
inserted into said slot. 
30 18. The terminal according to claim 17, wherein said 
image input device comprises a lens, and the lens is mounted 
to said third hole. 

***** 
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[57] ABSTRACT 

An expansion card (1) of an electronic device (2) comprises 
in accordance with the invention at least one expansion-card 
connector (6b) for connecting the expansion card (1) to an 
expansion-card connector (6a) of an electronic device. The 
expansion card (1) has at least one standard normal opera- 
tion mode and at least one special operation mode which 
differs at least partially from said standard. The operation 
mode is arranged to be selected by at least one mode- 
selection line (3) which is connected to a contact pin of the 
expansion-card connector (6b), which contact pin has a 
respective contact pin (SPKR#, IREQ#, IOIS16#, WAIT#, 
STSCHG#) for the expansion-card connector (6a) of the 
electronic device (2), said respective contact pin being 
defined in said standard as an input line of the electronic 
device, which can be used, if necessary, also for the original 
purpose. 

13 Claims, 6 Drawing Sheets 
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MODE SELECTION LINE FOR SELECTING 

ONE OF A PLURALITY OF OPERATION 
MODES SAID SELECTION LINE CAN ALSO 
BE USED FOR ORIGINAL PURPOSE AFTER 

MODE SELECTION 5 

The present invention relates to an expansion card 
according to the preamble of claim 1, expansion-card inter- 
face according to the preamble of claim 4, and electronic 
device according to the preamble of claim 7. 10 

A PCMCIA interface (Personal Computer Memory Card 
International Association) is one known interface which is 
used in connection with electronic devices to connect expan- 
sion cards, such as memory cards (for example flash 
memory cards), modems and various kinds of input/output 15 
cards (I/O), to an electronic device. Such electronic devices 
and PCMCIA cards include connectors according to PCM- 
CIA standard, for example such that the connector of elec- 
tronic device is a so-called male connector (connector with 
contact pins), and the connector of the interface card is a 20 
so-called female connector (connector with jointing 
sleeves). Thus, an electrical contact is formed between each 
contact pin and the corresponding jointing sleeve when the 
interface card is connected to the connector of the electronic 
device. The PCMCIA standard defines the normal function 25 
of each contact pin and each jointing sleeve respectively. 
Thus, for example in an application where PCMCIA inter- 
face is realized in a computer, each data line of the data bus 
of the computer is connected to one of the contact pins of the 
PCMCIA interface. Additionally, at least a part of the 30 
address and control lines are connected to the connector. 

The PCMCIA cards have a size of a credit card (85.6 
mmx54 mm), but the thickness of the cards can be 3.3 mm 
(type I), 5.0 mm (type II) or 10.5 mm (type III). The 
PCMCIA cards are connected electrically to the electronic 35 
device as 8/16 bit I/O interface or memory. According to the 
PCMCIA standard, the PCMCIA card will have a memory 
area which can be read by the electronic device. This 
memory area includes information for the identification of 
the card. This information is called card information struc- 40 
hire (CIS). 

In particular, in connection with portable data processors 
(PC), mobile station embodiments have been designed, in 
which at least a transmitter/receiver unit TX/RX of the 
mobile station is provided in the PCMCIA standard card 45 
form. FIGS, la and lb show a reduced block diagram of the 
transmitter/receiver unit of one mobile station, which is 
illustrated in block 1 positioned in a PCMCIA card. The unit 
controlling the operation of the card is advantageously a 
microcontroller 12a (MCU) having e.g. a processor, 50 
memory (RAM, ROM), and input/output lines for connect- 
ing the microprocessor to other electronics of the card. In 
addition, external memory 4 can be connected to the micro- 
controller 12a. 

A transmitter TX comprises e.g. a modulator for modu- 55 
lating the signal to be transmitted, filters in particular for 
attenuating spurious emissions, a mixer in which the modu- 
lated signal is mixed to a local oscillator frequency for 
creating a radio frequency signal, and a power amplifier for 
amplifying the signal to be sent. The amplified signal is 60 
directed to an antenna ANT, which is connected to the card 
e.g. by means of a cable. A receiver RX comprises e.g. filters 
for filtering the received signals, a mixer for converting the 
radio frequency signal to be received to an intermediate 
frequency or, in a direct-change type receiver, to a base- 65 
band, and a detector for demodulating the received signal. 
Furthermore, the card has interface circuits, such as a control 



circuit 12b (ASIC), for transferring of signals between the 
PC and the transmitter/receiver. The transmitter/receiver 
unit has no power supply of its own, but the power supply 
is provided from the PC via the PCMCIA connection. 

The watch-dog circuit RESET of the expansion card 
keeps the microcontroller 12a of the card at the initial phase, 
if the operating voltage of the card is, for some reason, 
insufficient. Thus, malfunctions of the microcontroller are 
eliminated e.g. during the coupling of the voltages. 

Often these kinds of expansion cards, such as PCMCIA 
cards have, in addition to the standard operation mode one 
or several operation modes which differs, at least partially, 
from the definitions of the standard. The standard operation 
mode is in this description designated as a special operation 
mode and those operation modes that differ from the stan- 
dard are designated as a special operation mode. These 
special operation modes can be used e.g. in connection with 
the manufacture of the card when testing the operation and 
when clarifying and repairing operational malfunctions that 
possibly take place during the operation, A further possible 
use of the special operation mode is a situation in which the 
electronic device provided with a standard card interface 
cannot be used. The expansion card is implemented in a 
manner that at least a part of the properties of the card 
operate by positioning it to a special operation mode, which 
extends the possibilities and objects to use the expansion 
card. However, the problem is how to set the operation mode 
of the card to the desired mode. 

The card interfaces of electronic devices are imple- 
mented according to the definitions of the standard used at 
the time. However, no other operation modes than the 
PCMCIA operation mode are defined in the PCMCIA 
standard, wherein neither the selection of mode is imple- 
mented in the standard. The PCMCIA interface comprises 
no supplementary contact pins or contact pins regarded for 
general use which could be used for implementation of such 
mode selection. 

FIGS, la, lb show one prior art solution for selecting the 
operation mode of the interface card. The interface card 1 
comprises a mode selection means 5, which is advanta- 
geously implemented in a control logic circuit (SMART 
ASIC) or microcontroller 12a. To the mode selection means 

a mode -selection line 3 (MODE SEL) is directed, this line 

3 being connected to the contact pin of the expansion card, 
which pin is, in this connection, a second supply pin V cc2 of 
operating voltage. Thus, operating voltage is supplied to the 
expansion card only from a first supply pin V ccl of operating 
voltage. The mode selection means examines the mode of 
the mode -selection line when the expansion card is turned 
on. The mode-selection line is usually directed to the control 
logic circuit of the expansion card, at some interface line 
(I/O, Input- Output) or directly to the interface line for the 
microcontroller 12a of the expansion card, wherein the 
initial measures for the operation mode of the card are 
carried out in the application software of the micro- 
controller 12a of the expansion card on the basis of the mode 
of the line. In case the line is at the first mode (e.g. logic 1 
state), as shown in FIG. la, where the expansion card is 
connected to a standard expansion-card interface, the expan- 
sion card is directed to . operate at the normal operation 
mode. In a corresponding manner, in case the line is at the 
second mode (e.g. logic 0 state), as shown in FIG. lb, where 
the expansion card is connected to a non-standard 
expansion-card interface, e.g. for testing, the expansion card 
is moved to operate at special operation mode. A resistance 
Rl operates mainly as a means that stabilizes the mode of 
the mode-selection line for preventing erroneous interpre- 
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tations. A factor restricting the operation of the method in 
accordance with FIGS, la and lb is e.g. the fact that 
operating voltage can be supplied to the expansion card only 
via one supply line of the operating voltage, which restricts 
the limit for the maximum allowable power consumption of 
the interface card to 0.5 A in practical embodiments. This 
restriction arises mainly from the fact that the maximum 
allowable value for the current that is led via the contact pins 
is said 0.5 A. Many embodiments, such as the above- 
described mobile-station embodiment, the power consump- 
tion can be greater than 0.5 A, wherein this mode selection 
arrangement is not applicable. 

A prior patent application FI -935272 of the applicant 
discloses an expanded PCMCIA interface wherein one oper- 
ating voltage pin and at the most three ground-potential pins 
are connected to a second voltage in relation to a standard 
voltage. One of these pins would thus be selected for mode 
selection. Furthermore, a supply pin of operating voltage, or 
a supply pin of ground potential, intended for use in mode 
selection can no longer be used for the original purpose of 
power supply. As a result of this, the power to be supplied 
to the expansion card is reduced, because, there are fewer 
connection pins available for supplying the same power. The 
solution described in said publication is applicable mainly 
for expansion cards with a reasonable power consumption. 
Moreover, in different electronic devices, there is often 
already the second power supply line or a ground potential 
line defined in a different way, wherein such an expansion 
card ends up in an incorrect operation mode by accident 
when the expansion card is connected with the electronic 
device. In a connection according to the present application, 
however, there is no such risk, because the mode selection 
line used is always a contact pin which is an input line to the 
electronic device. Such lines have usually a relatively high 
input impend ance, and the expansion card is always set into 
the operation mode intended. 

An object of the present invention is to decrease the 
above-described drawbacks and to provide an expansion- 
card interface having at least two operation modes, one of 
which is selected for each turn on, and an expansion-card 
interface whereby the operation mode of the expansion card 
can be selected and still a maximal current supply is attained 
for the expansion card. The invention is based on the idea 
that the mode -selection line used is a contact pin which, with 
regard to the electronic device that controls the expansion 
card, is the input line and which can be used also for the 
original purpose, if necessary. When selecting the operation 
mode, it is also possible to use more than one mode- 
selection line, in particular for cards having more than one 
special operation mode. The expansion card in accordance 
with the invention is characterized by what is described in 
the characterizing portion of the accompanying claim 1. The 
expansion-card interface in accordance with the invention is 
characterized by what is described in the characterizing 
portion of the accompanying claim 4. Additionally, the 
electronic device in accordance with the invention in accor- 
dance with the invention is characterized by what is 
described in the characterizing portion of the accompanying 
claim 7. 

The present invention provides significant advantages 
over prior art solutions. Selection of the operation mode in 
accordance with the invention does not limit the current 
intensity which can be supplied to the expansion card, 
because operating voltage lines and ground-potential lines 
are used as mode -selection lines. Further, the expansion card 
connected to an electronic device provided with a standard 
interface operates according to said standard. Yet another 
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advantage is obtained by the fact that the mode-selection 
line, in particular in expansion cards according to the 
PCMCIA standard, can be selected among several connec- 
tion lines applicable for the purpose, because one of these 
5 lines is, depending on the purpose of use, usually not in use. 
After mode selection, the mode selection line can also be 
used for the original purpose, if necessary. When moving to 
a special operation mode, it is possible to define, if 
necessary, all the contact pins to function in a way different 
from the operation mode according to the standard, whereby 
the connection can be made simpler. Thus the electronic 
device to be used as a so-called hosta device can be simpler. 

In the following, the invention will be described in more 
details, with reference made to the accompanying drawings, 
wherein 

15 FIG. la shows a reduced block diagram of one prior art 

mode selection connection for an expansion card connected 

to a standard expansion-card interface, 

FIG. lb shows a reduced block diagram of one prior art 

mode selection connection for an expansion card connected 
20 to a non-standard expansion-card interface, 

FIG. 2a shows, in accordance with one advantageous 

embodiment of the invention, a reduced block diagram of a 

mode selection connection for an expansion card connected 

to a standard expansion-card interface, 
25 FIG. Zb shows, in accordance with one advantageous 

embodiment of the invention, a reduced block diagram of a 

mode selection connection for an expansion card connected 

to a non-standard expansion -card interface, 

FIG. 2c shows, in accordance with one advantageous 
30 embodiment of the invention, a reduced block diagram of a 

mode -selection line wherein the mode-selection line can be 

selected by switches, and 

FIG. 3 shows, in accordance with an advantageous 

embodiment of the invention, a reduced block diagram of an 
35 expansion-card interface as placed to the handset of the 

telephone. 

The accompanying FIGS. 2a to 2c and 3 show only those 
blocks that are necessary for understanding the invention. In 
the embodiment according to FIG. 2a, the expansion card 1 

40 is connected to an electronic device 2, such as a portable 
computer comprising an expansion-card interface in accor- 
dance with the PCMCIA standard. The expansion card 1 can 
be any expansion card. The present description provides as 
an example an expansion card comprising an transmitter/ 

45 receiver unit TX/RX of the mobile station. FIGS, la and 2b 
show in view of a connector 6 only a few connection lines, 
such as supply lines V ccl , for the operating voltage, 
supply lines V Rpl , V^ 2 for the programming voltage, ground 
lines GND1 to GND4, starting line RST and the control line 

50 SPKR# for a loudspeaker. The address bus, data bus and 
other lines of a control bus are each shown as a separate 
arrow in the electronic device 2 and on the expansion card 
1. The control line SPKR# for the loudspeaker is, in view of 
the electronic device 2 that controls the expansion-card 

55 interface, an input line, i.e., the electronic device 2 does not 
control the line, but a pull-up resistance R2 is connected 
thereto. The examples of FIGS, la and 3a show a mode- 
selection line 3 connected in the connector 6 to the control 
line SPKR# of the loudspeaker. Other corresponding input 

60 lines in the PCMCIA standard are an interruption-request 
line IREQ, width-selection line IOIS16# of the I/O port, 
operation line WAIT# for wait states, and a state change line 
STSCHG# of the card, which lines can also be used as the 
mode -selection line 3 in accordance with the inventive idea 

65 of the present invention with the following preconditions. 
The control line SPKR# of the loudspeaker can be used 
when the expansion card 1 does not transmit audio signals 
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to the electronic device 2. The interruption-request line 
IREQ# can be used in case the expansion card 1 does not 
form interruption requests for the electronic device 2. The 
width-selection line IOIS16# of the I/O port is applicable 
when the I/O port of the expansion card has a width of 8 bits. 
The operation line WAIT# for the wait states can be used in 
case no wait states are needed in the use of the expansion 
card 1, i.e., the expansion card 1 can transmit data via the 
data bus sufficiently fast to the electronic device 2. The 
state-change line STSCHG# of the card can be used e.g. with 
memory cards to indicate changes that have taken place in 
the memory state, wherein said state-change line cannot be 
used as the mode-selection line 3 on an expansion card of 
this kind. Further, Table 1 provides as a summary of the 
PCMCIA standard names, pin numbers and objects of use 
for said lines, as well as the situation in which the pin can 
be used as the mode -selection line 3. Within the scope of the 
invention it is possible to use also other suitable lines as the 
above-mentioned ones for the input line of the electronic 
device 2. 

The connector 6 refers in this description both to a 
connector 6a of the electronic device 2 and a connector 6b 
of the expansion card 1. The pins of the connector 6 are 
designated according to the PCMCIA standard, but the 
invention is applicable also in connection with other con- 
nection standards, wherein also the structure of the connec- 
tors and the order of the pins can be different. 



TABLE 1 





Pin- 




Use for the 


Name 


number Object of use 


mode selection 


SPKR#/BVD2 


62 


Loudspeaker signal 


Loudspeaker is not 








needed 


IREO# 


16 


Request for 


No active interruptions 






interruption 




IOIS16#/WP 


33 


I/O port with 16 bits I/O port with 8 bits 


WAIT# 


59 


Lengthening of the 


Wait periods not 






bus period 


needed 


STSCHG#/BVD1 


63 


Change of card 


Status signals of the 






status 


memory not used 



The PCMCIA standard defines that the PCMCIA expan- 
sion card operates at the starting state in a corresponding 
manner as a memory card regardless of the type of the 
expansion card 1. The electronic device 2 reads the 
information-structure database CIS as soon as the expansion 
card is mounted on its place. According to this information, 
the electronic device 2 knows which operations the expan- 
sion card 1 includes and how it is used. At this phase, the 
control line SPKR# for the loudspeaker of the extension- 
card interface of the electronic device 2 is used as the 
detector (BVD2) for the status of the battery, wherein the 
expansion card 1 can indicate to the electronic device 2 
whether the battery of the expansion card 1 operates. 
However, a battery is not used in all the expansion cards, 
wherein a pull-up resistance Rl is advantageously connected 
to the line on the expansion card 1. Further, the electronic 
device 2 should have a pull-up resistance R2 in the corre- 
sponding line. 

The CIS database is advantageously stored to a non- 
volatile random access memory (NVRAM) 4, which in this 
example is carried out by FLASH memory circuits. The CIS 
database is shown as memory at a given location. For 
example the PCMCIA standard includes a definition that the 
CIS database begins at an address 0 of the attribute memory. 
The reading of CIS database is carried out so that a processor 
11 of the electronic device sets the initial address of the CIS 
database to the address lines AO to A15 of the card interface; 
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the control line DIR of the transfer direction to a state where 
the data transfer direction of the data lines DO to D7 is from 
the card to the electronic device; the data-buffers-allowed 
line OE to a state where data buffers DBUFF are activated; 

5 and the data-reading line IORD to data-reading state. Thus, 
the first byte of the CIS database can be read in the data bus 
of the interface by the electronic device. The next byte is 
read according to a corresponding principle, by setting the 
address of the next byte to the address line. Said states of the 

1Q control lines DIR, OE, IORD depend on the respective 
embodiment used, and they can be active low, which is 
known as such, i.e., a logic 0 state (voltage value about 0V 
in connection with common CMOS and TTL circuits) acti- 
vates the function, or active high, i.e., a logic 1 state (about 
a voltage corresponding to the operating voltage in connec- 

15 tion with common CMOS and TTL circuits) activates the 
function. 

After reading the data of the card information structure 
CIS, the electronic device 2 sets the expansion card 1 to the 
I/O mode if the card used is an I/O type expansion card. 

20 Consequently, the control line SPKR# of the loudspeaker 
can be used for directing audio signals from the expansion 
card 1 to the electronic device 2. 

Correspondingly, on the expansion card 1 the mode 
selection means 5 reads the mode of the mode -selection line 

25 3. In FIG. 2a the expansion card is connected to an 
expansion -card connector 6 in an electronic device 2 com- 
prising a standard expansion-card interface, wherein the 
pull-up resistance Rl coupled to the mode-selection line 3 
and the pull -down resistance R2 of the electronic device set 

30 the line to a voltage value that substantially corresponds to 
the operating voltage V cc , i.e., to the logic 1 state. Based on 
this, the mode selection means 5 sets the expansion card 1 
to the special operation mode, which is a standard operation 
mode in this embodiment. 

35 In FIG. 2b the expansion card 1 is connected to the 
expansion-card connector 6 in the electronic device 2 com- 
prising an expansion-card interface that differs at least 
partially from the standard, in which expansion-card inter- 
face the pin corresponding to the control line SPKR# is 

40 connected to a ground potential. Thus, in spite of the pull-up 
resistance Rl coupled to the mode -selection line 3 the line 
is substantially at a voltage value corresponding to the 
ground potential, i.e., the logic 0 mode. Based on this the 
mode selection means sets the expansion card to the special 

45 operation mode which is a non-standard operation mode in 
this embodiment. When moving to a special operation mode, 
it is possible, if necessary, to define contact pins to function 
in a way different from that in the standard operation mode, 
whereby the connection can be made simpler. In some cases, 

50 even the re-setting of all the contact pins may come into 
question. Thus, the electronic device 2 used as the host 
device can be simpler. 

Thus, the mode selection means 5 of the expansion card 
1 reads the mode of the mode-selection line 3 after the card 

55 has been positioned to its place when the voltages are 
switched on, but also when the card is for some reason 
started again, i.e., by setting the logic 1 mode for a moment 
to a start line RST 

The mode selection is implemented advantageously only 

60 in connection with the start, and the mode selection means 
5 preferably maintains the selected operation mode in use up 
to the next start, so that the mode-selection line 3 can be used 
also for other purposes after the mode selection by making 
respective changes to the switch and possibly also to the 

65 application software. 

In the interface in accordance with the example of this 
embodiment, the first and second supply lines V ccl , V cc2 for 
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the voltage are provided by means of two contact pins e.g. 
for effecting higher current supply capacity to the expansion 
card 1. The power supply used is, in particular with portable 
electronic devices, a battery 7 which is charged by a charge 
device 8 if necessary. The electronic devices can further S 
comprise a voltage compensation circuit 9, such as a regu- 
lator and buffer means 10 for providing voltages required on 
the electronic device 2. In view of the blocks of the 
electronic device, no supply lines for the operating voltage 
are illustrated, but this is technology known by an expert in 10 
the field as such. The control unit 11 of the electronic device 
comprises advantageously a microcontroller 11a, as shown 
in the circuit diagram of the electronic device in FIG. 2b. 
The control unit may comprise also a control logic circuit 
lib, such as an ASIC circuit, as shown in FIG. 2a. The 15 
microcontroller 11a, and also the control logic circuit lib, if 
necessary, attend e.g. to the operation of the expansion card 
interface and the transmission of signals to the expansion 
card 1 and the reading of signals provided by the expansion 
card. Timing signals for the control unit 11 are provided by 20 
a first oscillator 22, e.g. by a crystal oscillator. Memory 21, 
such as read only memory (ROM) or random access 
memory (RAM) is advantageously connected to the control 
unit of the electronic device. 

In the electronic device 2 shown in FIG. 2b, data is is 
transferred between the expansion card 1 and the electronic 
device 1 in serial form via a simple data line 23. The 
electronic device 2 and the expansion card 1, preferably the 
control unit U, 12, are provided with means (not shown) for 
implementing data transmission in serial form, known as 30 
such. Data transmission in serial form has the advantage that 
fewer data transmission lines (data lines) will be required 
(usually one or two) than in data transmission in parallel 
form, but the transmission rate is lower, correspondingly. 

In case it is preferred that the expansion card 1 is set to 35 
a special operation mode, the mode-selection line 3 has to be 
set to a mode corresponding thereto, said mode being the 
logic 0 state in the present embodiment, but in some 
embodiments this mode can be also e.g. the logic 1 state. The 
electronic device 2 can be e.g. a test apparatus having 40 
control and measuring electronics for testing the properties 
of the expansion card 1 or for locating defects. A pin 
corresponding to the mode-selection line of the connector 6 
is thus connected to a different state than in a standard 
connector. Mode selection can also be implemented in a 45 
manner that by switches SI, S2 (FIG. 2c) the connector line 
which operates as a mode-selection line in the interface card 
1 to be connected at a time is set to a state corresponding to 
the special operation mode. The advantage of this arrange- 
ment is e.g. the fact that to the same connector 6 expansion so 
cards 1 of various types can be connected e.g. for testing. As 
presented above in Table 1, the contact pin used as the 
mode-selection line 3 can vary according to the type of the 
expansion card 1. 

The mode selection means 5 is advantageously imple- 55 
mented in control logic 12 of the expansion card 1, said 
control logic comprising with the most common PCMCIA 
cards a so-called SMART ASIC circuit 12 b. An alternative 
embodiment is to use a microcontroller 12a, the mode- 
selection line 3 being directed to its I/O pin, wherein the 60 
reading of the mode-selection line 3 and the mode selection 
are carried out in the application software of the microcon- 
troller 12a according to the state of said line. This technique 
is known to an expert in the field, wherein it is not necessary 
to describe it in more detail in this context. 65 

Switches SI, S2 can be mechanical switches, or also 
prior art semiconductor switches can be used, wherein the 
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control of the switches can be implemented e.g. from the 
electronic device 2, such as a test device. In the test device, 
selection means for various kinds of expansion cards 1 can 
be arranged for setting the switch SI, S2 corresponding to 
the mode-selection line 3 and for implementing test mea- 
sures according to the card type used. 

Timing signals of the control logic of the expansion card 
are provided by a second oscillator 13, e.g. a crystal oscil- 
lator. 

FIG. 3 illustrates a reduced block diagram of an 
expansion-card interface in accordance with an advanta- 
geous embodiment of the invention, wherein the electronic 
device 2 is a handset 14 of a telephone, the expansion-card 
interface of said handset being at least partially different 
from the PCMCIA standard. The telephone can be e.g. a 
mobile station, such as a GSM mobile station. The handset 
14 advantageously includes a microphone 15, earphone 16, 
display driver 17a, display lib and keypad 18, The expan- 
sion card 1 can be connected to the expansion-card connec- 
tor 6a, e.g. by pushing it through an opening (not shown) 
provided in the handset 14. The microphone 15 is coupled to 
a microphone contact pin MIC of the expansion-card con- 
nector 6a through a microphone amplifier 19, and the 
earphone 16 is coupled to the earphone contact pin EAR of 
the expansion-card connector 6a through an earphone ampli- 
fier 20. In the expansion card 1, the microphone and ear- 
phone lines are directed to the transmitter/receiver unit 
TX/RX. The display driver 17a and the keypad 18 are 
connected to the control unit 11, wherein the application 
software in the microprocessor 11a of the control unit 
attends to that the controls from the keypad are transferred 
to the expansion card 1 and, in a corresponding manner, that 
the display messages from the expansion card 1 are trans- 
ferred via the display driver 17a to the display lib. The 
transfer of signals can be e.g. parallel, as in the embodiment 
shown in FIG. 3, or also serial form data transfer can be used 
between the electronic device 2 and the expansion card 1. 

To the transmitter/receiver unit TX/RX the operating 
voltage is taken from the supply pins V p/>1 , V 2 of the 
programming voltage, because tie power consumption of 
the transmitter/receiver unit TX/RX can rise high enough for 
the maximal allowable current intensity of the supply pins 
Vp P i, ^ PP i of the programming voltage to be exceeded, if the 
operating voltage of the transmitter/receiver unit TX/RX 
were taken from the supply pins V ffl , of the program- 
ming voltage. 

An interface card having more than one special operation 
mode has also more than one mode-selection lines 3. Thus, 
the logic modes of the mode-selection lines are set to modes 
corresponding to the desired operation mode. Table 2 illus- 
trates one example wherein the expansion card has eight 
operation modes: one normal operation mode and seven 
special operation modes. Thus, for selecting the eight pos- 
sible operation modes, at least three mode-selection lines 
(2 3 »8) are required, each of which can be set to two logic 
states (0/1). The mode-selection lines used are e.g. the 
control line SPKR# of the loudspeaker, interruption-request 
line IREQ# and width-selection line IOIS16# for the I/O 
port. Prefers to a normal operation mode and XI to X7 refer 
to special operation modes. The normal operation mode P is 
selected by setting all the mode-selection lines SPKR#, 
IREQ#, IOIS16# to the logic 1 state. The first special 
operation mode XI is selected by setting the first mode- 
selection line, i.e., in this situation the control line SPKR# of 
the loudspeaker, to the logic 0 state while the other mode- 
selection lines IREQ#, IOIS16# are in the logic 1 state. In a 
corresponding manner, a second special operation mode X2 
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is selected by setting a first mode-selection line SPKR# and 
a third mode -selection line, which in this example is the 
width-selection line IOIS16# of the I/O port, to a logic 1 
state and the interruption-request line IREQ# used as a 
second mode -selection line to the logic 0 state. The logic 5 
states (0/1) of the mode-selection lines SPKR#, IREQ#, 
IOIS16# for selecting also other special operation modes X3 
to X7 are illustrated in Table 2. 



TABLE 2 



10 



Mode-selection 



Operation mode 



line 


P 


XI 


X2 


X3 


X4 


X5 


X6 


X7 


SPKR# 


1 


0 


1 


0 


1 


0 


1 


0 


IREQ# 


1 


1 


0 


0 


1 


1 


0 


0 


roisi6# 


1 


1 


1 


1 


0 


0 


0 


0 



20 



It should further be mentioned that more than one 
mode-selection lines 3 can be used also in situations in 
which the number of the operation modes to select between 
is only two. Thus, e.g. the normal operation mode is selected 
when all the mode-selection lines are at the logic 1 state, and 
the special operation mode is selected when at least one 
mode-selection line is at the logic 0 state. Also other 
combinations of mode -selection lines are possible for car- 25 
rying out the selection of two operation mode. 

The present invention is not restricted solely to the 
embodiments presented above, but it can be modified within 
the scope of the accompanying claims. E.g. the electronic 
device 2 used can be other than those introduced above. The 30 
reference numerals of the contact pins and other elements 
referred in the accompanying claims are mentioned only as 
clarifying examples, but the invention is not restricted solely 
thereto. 

One advantageous embodiment of the expansion card 1 35 
comprises at least a power amplifier of a mobile station, such 
as a GSM mobile station. 
What is claimed is: 

1. An expansion card comprising at least one expansion- 
card connector for connecting the expansion card to a ^ 
second expansion-card connector of an electronic device, 
said expansion card having at least a standard normal 
operation mode and one or several special operation modes 
that differ from the standard normal operation mode, and the 
operation mode of said expansion card being arranged to be 
selected by at least one mode -selection line, wherein: 45 

the mode-selection line is combined to a contact pin of the 
one expansion-card connector which contact pin has a 
respective contact pin for the second expansion-card 
connector of the electronic device, 

said respective contact pin being defined as the input line 50 
of the electronic device in said standard normal opera- 
tion mode, and 

the mode selection line is arranged to be used, if 
necessary, for the original purpose after the mode 
selection. 

2. An expansion card as set forth in claim 1, wherein the 
standard normal operation mode is the PCMCIA standard. 

3. An expansion card as set forth in claim 1, wherein said 
one mode -selection line is connected to at least one of a 
control line for a loudspeaker, an interruption-request line, a 60 
width-selection line of an I/O port, an operation line for wait 
states, and a state -change line for the expansion card, said 
lines belonging to an expansion-card connector. 

4. An expansion-card interface for an electronic device, 
said expansion-card interface comprising at least one 65 
expansion-card connector for connecting an expansion card 

to the electronic device, said expansion card having at least 



a standard normal operation mode and one or several special 
operation modes which differ, at least partially, from said 
standard normal operation mode, and the operation mode of 
said expansion card is arranged to be selected at least by one 
mode-selection line, wherein: 

a contact pin of the expansion-card interface is arranged 

as the mode-selection line, which in said standard 

normal operation mode is defined as the input line of 

the electronic device, and 
the mode selection line is arranged to be used, if 

necessary, for the original purpose after the mode 

selection. 

5. An expansion-card interface as set forth in claim 4, 
wherein the standard normal operation mode is the PCMCIA 
standard. 

6. An expansion-card interface as set forth in claim 4, 
wherein said expansion-card interface comprises a control 
line for a loudspeaker and said one mode-selection line is 
connected to the control line for a loudspeaker of the 
expansion-card interface. 

7. An expansion card interface as set forth in claim 4, 
characterized in that said one mode -selection line is con- 
nected to at least one of a control line for a loudspeaker, an 
interruption-request line, a width-selection line of an I/O 
port, an operation line for wait states, and a state-change line 
for the expansion card, said lines belonging to said 
expansion-card connector. 

8. An electronic device comprising at least one expansion- 
card interface for connecting an expansion card to said 
electronic device, said expansion card having at least a 
standard normal operation mode and one or several special 
operation modes which differ at least partially from said 
standard normal operation mode, and the operation mode of 
said expansion card being arranged to be selected by at least 
one mode -selection line, wherein: 

a contact pin of the expansion-card interface is arranged 
as the mode-selection line, which in said standard 
normal operation mode is defined as the input line of 
the electronic device, and 

the mode selection line is arranged to be used, if 
necessary, for the original purpose after the mode 
selection. 

9. An electronic device as set forth in claim 8, comprising 
an expansion-card interface according to the PCMCIA stan- 
dard. 

10. An electronic device as set forth in claim 8, compris- 
ing means for setting the mode-selection line of the expan- 
sion card to a state corresponding to the standard normal 
operation mode. 

11. An electronic device as set forth in claim 8, compris- 
ing means for setting the mode-selection line of the expan- 
sion card to correspond to the state of the special operation 
mode. 

12. An electronic device as set forth in claim 10, wherein 
the state corresponding to the standard normal operation 
mode of the mode -selection line is the logic 1 state and the 
state corresponding to the special operation mode of the 
mode-selection line is the logic 0 state. 

13. An electronic device as set forth in claim 7, charac- 
terized in that said one mode-selection line is connected to 
at least one of a control line for a loudspeaker, an 
interruption-request line, a width-selection line of an I/O 
port, an operation line for wait states, and a state-change line 
for the expansion card, said lines belonging to said 
expansion-card interface. 
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ABSTRACT 



An electronic camera operates with a small, portable com- 
puter having a card interface of the type used for commu- 
nicating with a removable memory card. The camera 
includes an image sensor for converting an image into an 
electrical signal, an A/D converter for converting the elec- 
trical signal into a digital signal, and a signal processor for 
interfacing the digital signal to the card interface, ordinarily 
a slot receptacle, on the computer. By defining the interface 
to include a mechanical extender that physically intercon- 
nects the camera to the card slot on the computer, the camera 
and computer are linked in a high speed interface as a 
convenient, hand-held unit. 

10 Claims, 5 Drawing Sheets 
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ELECTRONIC CAMERA WITH MEMORY 
CARD INTERFACE TO A COMPUTER 

FIELD OF THE INVENTION 

5 

This invention pertains to the field of electronic imaging 
and, more particularly, to an image acquisition peripheral 
operated as an input device to a personal computer. 

BACKGROUND OF THE INVENTION l0 

It is well known to use a video camera with a computer 
frame grabber. A typical system employs a video motion 
camera (such as the CCD 4000 RGB Flash-Sync Camera 
manufactured by Eastman Kodak Co., Rochester, N.Y.) and 
a frame grabber board (such as a TARGA™ frame store 15 
board manufactured by True 'Vision, Inc., Indianapolis, Ind.) 
attached to the PC bus of a personal computer. The camera 
provides the timing to interface with the video frame store 
board by activating the frame acquire line of the frame store 
board whenever an external voltage input to the camera is 
dropped low (e.g., by dropping the "Camera Acquire In" line 
to the CCD 4000 camera). It is customary to design software 
to activate the camera's frame acquire line from the com- 
puter. To capture an image into the computer in such a 
customary application, the operator frames the subject while 
observing the live camera output on a video monitor, and 
then interacts with the computer keyboard at the proper 
moment. 

Another approach to computer image acquisition is 3Q 
described in U.S. Ser. No. 805,220, entitled "Hand-Manipu- 
lated Electronic Camera Tethered to a Personal Computer," 
which was filed Dec. 11, 1991 in the names of K. A. 
Parulski, R. H. Hamel, and J. J. Acello, and assigned to the 
assignee of the present application. In this system an elec- 35 
tronic camera is coupled to a personal computer through a 
computer interface. In particular, a digital interface standard 
may be used, and images from the camera are input to the 
computer through a Small Computer System Interface 
(SCSI). The camera is preferably linked, or tethered, to the 4Q 
computer with a cable, thus allowing a certain amount of 
mobility for the camera independent of the computer. 

Both of these known interfaces have drawbacks. The 
NTSC signal is an analog signal subject to noise, and 
additionally requires a special frame grabber card in the 45 
computer to decode and digitize the signal. The SCSI signal 
has a relatively low data rate and a complicated protocol, 
requiring an expensive SCSI interface integrated circuit in 
the camera. Notwithstanding such drawbacks, the system 
described in Ser. No. 805,220 provides a low cost electronic 50 
still camera which attaches to a personal computer that 
provides image processing, storage, and display. By relying 
on the computer to perform these tasks, the camera cost can 
be greatly reduced. 

It is known to provide detachable integrated circuit 55 
memory in the size and form of a thin card, much like a 
credit card, that is connectable to a memory card reader 
which interfaces to a host data processing system via a 
standard interface, such as the SCSI interface. A typical 
general-purpose host system, such as a desktop computer, 60 
incorporates a processor for utilizing data recorded on the 
memory card in a variety of applications; a typical special- 
ized host system, e.g., an image capture processing system, 
provides large volumes of digital data for rapid recording on 
the card. Newer, smaller, battery-operated personal comput- 65 
ers (such as notebook or penpad personal computers) utilize 
a memory card controller (such as the MB86301 Memory 



Card Controller, by Fujitsu Microelectronics, Inc.) that is 
compatible with the Personal Computer Memory Card Inter- 
national Association (PCMCIA) standard. Such a controller 
is capable of interfacing a variety of memory cards, with 
densities up to 64 Mbytes, to a wide range of microproces- 
sors via 8- or 16-bit data paths. A typical application is 
shown in FIG. 1, where a small, battery-operated computer 
10 includes a card receptacle 12 for accepting a memory 
card 14. These computers are often ergonomically designed 
so that the display screen 11 folds over the keyboard 13, 
making a very compact package. In such a computer the 
memory card 14 takes the place of a floppy disk drive. Such 
small computers often have an RS-232 input port 15, but 
seldom have either a SCSI port or a dedicated video input 
port. Images can be input via the RS-232 port 15, but this is 
a very slow process. 

A memory card may also be used as the removable storage 
medium for recording images taken by an electronic still 
camera. An example of such a system is shown in U.S. Pat. 
No. 5,016,107, wherein an image sensor generates analog 
image information that is converted into digital signals, 
transformed, and encoded into a compressed stream of 
digital signals that are downloaded to a removable memory 
card. The memory card disclosed therein includes a com- 
mercially-available high speed static random access 
memory (SRAM). In another configuration of interest, 
which is shown in U.S. Pat No. 4,937,676, a compact, 
handheld portable electronic imaging system includes both 
an electronic imaging camera and a hard copy printer (and 
display) that are separately housed with respect to each other 
yet readily interconnectable for use either in combination or 
apart. The camera and printer interconnect by means of an 
elongated tongue member on the printer housing that slides 
into a recessed groove in the camera housing. Electrical 
connectors in the tongue-groove interface convey image 
signals between the camera and the printer. In addition to the 
tongue-groove interface between the camera and the printer, 
slots are provided on the respective units to accept memory 
cards for separate storage and retrieval of the image signals. 

In all of these systems, there is need for a low cost means 
of digitally interfacing a small camera peripheral to a 
portable computer at a rate higher than that provided by a 
SCSI interface or an RS-232 input, and without the attendant 
difficulties of an analog frame grabbing process. 

SUMMARY OF THE INVENTION 

An object of the invention is to adapt an available, 
convenient, high speed interface on a small, portable com- 
puter to an electronic camera. 

In accordance with the invention, an electronic camera 
operates with a computer having a card interface of the type 
used for communicating with a removable card containing 
semiconductor memory. For this purpose, the camera 
includes means for converting an image into an electrical 
signal, means for converting the electrical signal into a 
digital signal, and means for interfacing the digital signal to 
the card interface on the computer. By further defining the 
interfacing means to include a mechanical adaptor that 
physically interconnects the camera to a card slot on a 
portable computer, the structural connection links the cam- 
era and computer together as a hand-held unit. In a preferred 
embodiment, the card interface incorporates the PCMCIA 
standard. 

The advantage of the invention is that the camera can be 
designed as an inexpensive "clip-on" accessory that mates 
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with a portable computer incorporating a PCMCIA 
"memory card" slot. Hie computer can be thus relied upon 
to perform image processing, storage, and display. The 
PCMCIA interface provides a high speed parallel interface 
for rapidly transferring image data from an image sensor to 5 
a personal computer. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in relation to the drawings 
in which 

FIG. 1 is an illustration of a known computer adapted for 
use with a memory card; 

FIG. 2A is an illustration of an electronic still camera 
adapted for insertion into the card slot of a computer in 
accordance with the invention; 

FIG. 2B is a side elevation of the camera of FIG. 2A taken 
along the lines 2B— 2B; 

FIG. 3 is block diagram of the major elements of the 
camera of FIG. 2A; 

FIG. 4 is a more detailed diagram of the signal processor 
shown in FIG. 3; 

FIG. 5 is a flow chart showing the operation of the 
electronic still camera shown in the aforementioned Figures; 

FIG. 6 is a second embodiment of an electronic still 
camera employing a card interface; and 

FIG. 7 is a third embodiment of an electronic still camera 
employing a card interface. 



DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 35 

Since electronic still cameras and computers, including 
small computers utilizing a card slot adapted to a PCMCIA 
standard, are well known, the present description will be 
directed in particular to elements forming part of, or coop- 4Q 
erating more directly with, apparatus in accordance with the 
present invention. Elements not specifically shown or 
described may be selected from those known in the art. In 
particular, information as to a typical card interface standard 
can be found in the PC Card Standard, Release 2.0, pub- 45 
lished by the Personal Computer Memory Card International 
Association, Sunnyvale, Calif. September 1991. 

Referring to FIG. 2, and in accordance with one embodi- 
ment of the invention, an electronic camera 20 incorporates 
a structural element 22 which allows the camera 20 to be 50 
connected into the conventional memory card receptacle 12 
of a portable computer 10. The receptacle 12 is, e.g., a slot 
16 for receipt of a card containing semiconductor memory 
and the structural element 22, in that case, is an extender 
board 24 that fits into the slot 16 (shown in phantom lines). 55 
The extender 24 includes an edge connector 26 that is 
configured to mate with a corresponding connector 18 
(shown in phantom lines) within the slot 16 when the camera 
20 is properly located in relation to the computer 10. (While 
not critical to the invention, the extender board 24 can be 50 
removable from the camera 20, or can be folded into or 
parallel to the camera 20 when detached from the computer 
10.) 

Preferably, the card interface is the PCMCIA memory 
card interface described in the aforementioned reference. In 65 
accordance with the PCMCIA PC Card Standard — Release 
2.0, the interface pin assignments are as follows (Table I): 
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TABLE I 



PCMCIA PC CARD STANDARD - RELEASE 2.0 
PIN ASSIGNMENTS 



PIN 


SIGNAL 


I/O 


FUNCTION 


1 


GND 




Ground 


2 


D3 


I/O 


Data bit 3 


3 


D4 


I/O 


Data bit 4 


4 


D5 


I/O 


Dfltn hit S 


5 


D6 


I/O 


Dntfl hit f\ 

L/llUl Ull U 


g 


D7 


I/O 


Dfltn hit 7 

LJQtG. Ull f 


7 


CE1 






g 


A10 


. 


A rMr^«« hit 1 ft 
mjuicss Ull 1 \J 


9 


OE 


J 


Output enable 


10 


All 


J 


ArMrwre hit 11 
AUUTC55 Ull 1 1 


11 


A9 


. 


AHrirpcc hit Q 


12 


A8 


T 


AH*+r«»cc hit S 
rVUUICoS Ull 0 


13 


A13 


J 


AHrimc« hit 11 


14 


A 14 




AQlUCSS Dll XH 


J5 


WF/PT3M 




Wnic CuflDIC 


16 


1REQ 


Q 


Interrupt Request 


17 


Vcc 






1 8 

10 


Vnnl 

vppi 




Programming and Peripheral Supply 


TO 


A1£ 




Address Dll 10 


20 


A 13 


: 


KAArmrr Wit 

AOUiCSS Dll I J 


21 


A12 


T 


Afl/ifBCC hit 10 

A OUICSS Dll \i 


22 


A7 


T 


Arlrfrves hit 7 

n (Jure 3 3 oil / 


23 


A6 




AH/hvaa hit £ 

a (jure 3 s oil o 


24 


A5 




AHrfr^«« hit S 
nuurcss oil J 


25 


A4 




AH/4t°f*«Q hit A 
nuurcss oil *+ 


26 


A3 


T 


AH Htm* hit "\ 
nUUTCSS Dll J 


27 


A2 




AHHr^«« hit 1 
AUUTC5S Ull i 


9fl 
£0 






Address bit 1 


29 


AO 




Ar)rtn»EC hit ft 
AUUTCSS Dll U 


30 


DO 


I/O 


Data hit ft 
Uaxa Dll U 


31 


Dl 


I/O 


Data hit 1 
u«a Oil 1 


32 


D2 


I/O 


riatfl hit 0 
Lfaxa. uii t. 


33 


IOIS16 


0 


If) Prtrt i« lfi hit 
iu ruii la id un 


34 


GND 




Ground 


35 


GND 




uruunu 


36 


CD1 


Q 


ullU UClCul 


37 


Dll 


I/O 


rintn hit 1 1 


JO 


D12 


I/O 


riot'i hit 11 


39 


D13 


I/O 


rinfa hit 11 


*HJ 




T/n 


r\rsta hit 1 A 

UaiZ. Dll 1h 


41 


ms 

UIJ 


T/n 


Data hit 1 4 
UulU Oil 13 


42 


CE2 


I 




43 


RFSH 


1 


tvcircsii 


44 


IORD 


J 


l\J ivCau 


45 


IOWR 


J 


TO Wn'i/» 


46 


A17 


I 


Artrlrwce hit 1*7 

AuuFCSS Oil 1 / 


At 


a 1 0 

Ala 


T 
1 


AQaress oil is 


AS. 


A 10 


1 


Ar1rtrof*r Vnt 1Q 
AUUiCSS Dll 1 7 


AQ 


a in 


I 


Address bit 20 


50 


A21 


I 


Address bit 21 


51 


Vcc 






52 


Vpp2 




Programming and Peripheral Supply 2 


53 


A22 


1 


Address fait 22 


54 


A23 


I 


Address bit 23 


55 


A24 


I 


Address bit 24 


56 


A25 


I 


Address bit 25 


57 


RFU 




Reserved 


58 


RESET 


I 


Card Reset 


59 


WAIT 


O 


Extend bus cycle 


60 


INPACK 


0 


Input Port Acknowledge 


61 


REG 


I 


Register select & IO Enable 


62 


SPKR 


0 


Audio Digital Waveform 


63 


STSCHG 


0 


Card Statuses Changed 


64 


D8 


I/O 


Data bit 8 


65 


D9 


I/O 


Data bit 9 


66 


D10 


I/O 


Data bit 10 


67 


CD 2 


O 


Card detect 


68 


GND 




Ground 



The camera 20 is thus connected into the 68 pin PCMCIA 
memory card slot 16 of the portable computer 10 by means 
of an extender board 24 that matches PCMCIA card dimen- 
sions. The full PCMCIA dimensions are available in the 
aforementioned Release 2.0; basically, the card is approxi- 
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mately 86 mm long by 54 mm wide by 4 mm thick. The card 
slot 16 is dimensioned accordingly. The camera 10 is 
designed to respond to commands from the portable com- 
puter 10 using the normal PCMCIA address and control 
lines, and to provide image data to the computer 10 over the 5 
normal PCMCIA data lines, as shown in Table I. The camera 
includes memory which defines the "card" as a "camera", 
and can optionally store the compiled software code for the 
computer 10 to execute in order to properly process images 
from the camera 20. One advantage of the invention is that 10 
the camera can be designed as an inexpensive accessory to 
the computer, with a minimum of external components. In 
FIG. 2A, the camera 20 is shown with an optical system 28, 
a flash unit 30, a view finder 32, and a capture switch 34. As 
shown in side elevation in FIG. 2B, the camera 20 can be 15 
made to have a relatively thin configuration that ergonomi- 
cally mates with the computer 10. In this manner the 
computer 10 and camera 20 interconnect via the PCMCIA 
card slot 16 to form a convenient hand-held unit for taking 
pictures. 20 

FIG. 3 shows the subsystems of the camera 10. The 
optical system 28 includes a lens 33, a diaphragm 35, a 
shutter 36, and an infrared filter 38. To keep the system 
inexpensive, the lens 33 is fixed focus, and a close-up 
diopter lens 40 is optionally moved into the optical axis for 25 
close-up pictures. Image light is directed by the optical 
system 28 upon an image sensor 42, which is a charge- 
coupled device (CCD) sensor, such as the full frame sensor 
KAF-400 manufactured by Eastman Kodak Company, 
Rochester, N.Y. The timing of the read-out of the image 30 
sensor 42 is controlled by a CCD clock driver circuit 44. 

The sub-systems of the camera 20 are controlled by a 
microprocessor 46. In particular, the exposure conditions of 
the image are input to the microprocessor 46 from a pho- 
tometer 48 and shutter release is initiated by the capture 35 
switch 34. Accordingly, the microprocessor 46 instructs a 
pair of stepper drivers 50 to set the diaphragm 35 and to 
operate the shutter 36, and, as needed, to fire the flash 30. 
The microprocessor 46 further interfaces with a signal 
processor 52, which controls the read-out clocking of the 40 
image sensor 42 and processes the image signal generated 
by the image sensor 42. The signal processor 52 provides the 
processed image signals to the computer 10 via the extender 
24. 

Details of the signal processor 52 are shown in FIG. 4. A 45 
logic circuit 54 (such as Model EPS464 or Model EPM7096 
integrated circuits manufactured by Altera Corp., San Jose, 
Calif.) provides the timing signals to control the image 
sensor 42 and the various parts of the signal processor 52. In 
particular the logic circuit 54 provides the horizontal and 50 
vertical clocking signals HI, 112, VI, V2 to read an image 
signal from the sensor 42 and the timing signal RESET to 
initiate each pixel read-out period. The output of the sensor 
42 is initially processed by an analog signal processor 56 
incorporating, e.g., a gain stage and a correlated double 55 
sampling circuit, and converted to a digital signal by an 
analog-to-digital (A/D) converter 58. Trie digitized signal is 
then processed by an EPROM look-up table (LUT) 62 that 
is addressed by a multiplexer 60. The LUT 62 stores the 
white balance and gamma correction curveshapes, and infor- 60 
mation about the camera. More particularly, the LUT 62 may 
store the Card Information Structure (CIS) required by the 
PCMCIA format (refer to the aforementioned PCMCIA 
standard reference), which indicates that the computer is 
accessing a special type of "memory card", specifically, a 65 
"camera". The LUT can also store a camera serial number, 
location of sensor defects, the structure of a color filter array 



used on the sensor 42, etc. Moreover, the LUT 62 may also 
store the computer program which is used (by the computer) 
to operate the camera and to process the images from the 
sensor color filter array to obtain a full resolution, color 
corrected image. This information is read from EPROM 62 
when the REG pin on the PCMCIA connector is enabled, 
causing the timing logic 54 to switch the MUX60 output to 
respond to address pins A0-A9 on the PCMCIA connector. 

The digitized signal processed by the LUT 62 is then 
provided to two sets of octal latches, 64a, 64b f and 66a, 66b. 
Each octal latch stores one pixel value. While one set (64a, 
64b or 66a, 66b) of latches is being loaded, the pixel values 
stored in the other set from the previous two pixels are read 
into the computer 10 through the 16-bit data lines D0-D15 
via the PCMCIA bus. The camera 20 is controlled by the 
address lines A0-A9 and the control lines 68 from the 
computer 10 provided via the PCMCIA bus. In addition to 
the already-mentioned REG pin, which is used to initiate a 
readout of information from the LUT 62, the IREQ line 
receives a signal from the timing logic 54 when data is 
available for transfer, and address bit 23 (A23 pin) is set by 
the computer to trigger the timing logic 54 to begin a line 
transfer. As each pair of pixels are latched into the octal 
latches 64a, 64b, 66a, and 66b, the timing logic 54 indicates 
that valid data is available by asserting the ENPACK pin. 
After the computer has read the two pixel values, it asserts 
address bit 24 (A24 pin) to alert the timing logic 54 that the 
computer is ready for another two pixels. This two-pixel by 
two-pixel "hand shaking" continues until the full line is 
transferred, and the process then repeats for the next line. 

The. operation of the image capture system of FIGS. 2-4 
proceeds as shown in the flow chart of FIG. 5. The user 
begins by connecting the extender card 24 incorporating the 
PCMCIA socket 26 to the camera, and sliding the extender 
card 24 into the computer. The user opens a "camera" 
application program and selects capture parameters from a 
menu. The options can include color (8, 16, or 24 bit) or 
monochrome (1 or 8 bit), full resolution or subsampled, and 
store direct to disk, compress before storing, or convert to a 
standard metric before storing. Once the selections are 
made, the camera 20 is "enabled" and the flash is charged if 
required. The user frames the image and depresses the 
capture button 34. This action initiates a sequence in which 
the scene light level is read using the photometer 48, the 
diaphragm 35 is adjusted, the shutter 36 is opened, the flash 
30 is fired if necessary, and the image sensor 42 is exposed 
to light. Hie digitized image sensor data, a line at a time, is 
read over the PCMCIA bus to the computer RAM memory 
using the sequence shown in FIG. 5. Depending on the 
capture options selected, the data is either stored directly 
from RAM to the hard disk (or other non-volatile computer 
memory), is compressed using conventional methods, or 
converted to a full resolution color image. 

In a second embodiment shown in FIG. 6, the camera 20 
includes an enclosure 21 connected to the extender board 24 
via a flexible multi-wire cable 70 (the enclosure 21 includes 
the elements of FIG. 4 less the extender board 24.) The 
extender board 24 plugs into the PCMCIA slot 12 in the 
computer 10. The cable 70 allows the camera 20 to be used 
some distance from the computer. The multi-wire cable may 
include only a subset of the pin connections listed in table 1 , 
since pins not used by the camera 20 do not need to be 
included in the cable 70. To further reduce the number of 
wires required, the cable could use a serial data format, and 
the serial data could be converted to parallel data on the 
extender board 24. 

In a third embodiment shown in FIG. 7, the camera 20 
includes a radio frequency (RF) element 72 having an RF 
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transmitter and an RF receiver connected to the enclosure 
21, and the extender board 24, which plugs into the PCM- 
CIA slot 12 in the computer 10, also includes an RF element 
74 having an RF transmitter and receiver. The digital image 
is transferred from the camera 20 to the computer 10 via an 5 
RF link 76, which is shown schematically by an arrow. 
Alternately, an infrared (IR) transmission link could be used, 
and the elements 72 and 74 would constitute respective sets 
of infrared (IR) emitters and receivers. 

The invention has been described in detail with particular 10 
reference to a presently preferred embodiment, but it will be 
understood that variations and modifications can be effected 
within the spirit and scope of the invention. For example, in 
another embodiment, the camera 20 could supply data using 
only 8 bits out of the 16 data bits available on the PCMCIA 15 
connector. In yet another embodiment, a buffer memory may 
be inserted between the LUT 62 and the PCMCIA connector 
so that the data transfer to the computer 10 can take place at 
any time following the image capture, without being syn- 
chronized to the sensor readout. 20 

What is claimed is: 

1. An electronic camera system comprising: 

a computer having a card interface slot of the type used 
for communicating with a removable card containing a 
semiconductor memory, wherein the card interface slot 25 
includes an internal connector; 

a camera including means for converting an image into an 
electrical signal, means for converting the electrical 
signal into a digital signal, and interfacing means for 
interfacing the digital signal to the internal connector of 
the card interface slot of the computer; 

wherein the interfacing means includes a structural ele- 
ment that fits into the card interface slot of the com- 
puter, and physically connects to the internal connector 35 
to provide a link for transferring the digital signal from 
the camera to the computer; and wherein the card 
interface slot is a PCMCIA interface slot wherein said 
image converting means and said signal coverting 
means are contained within an enclosure, and wherein 
said interfacing means further includes a cable for 
connecting said structural element to said enclosure. 

2. A camera system as claimed in claim 1 wherein the 
computer is portable and the structural element connects the 
computer an camera together as a hand-held unit. 45 

3. An electronic camera for operation with a computer 
having a card slot for interfacing with a removable memory 



30 



40 



card, said camera comprising: 
an optical system for forming an image of a scene; 
an image sensor for converting the image into an electri- 
cal signal; 

an A/D converter for generating a digital signal from the 
electrical signal; 

a signal processor for generating a processed digital signal 
from the digital signal; and 

an adaptor for conveying the processed digital signal 
through the card slot to the computer; 

wherein the adaptor includes an extender board dimen- 
sioned to fit into the card slot of the computer and a 
connector for physically connecting the adaptor to the 
card slot, wherein the adaptor provides a link for 
transferring the processed digital signal from the cam- 
era to the computer, wherein the card slot and said 
adaptor use a PCMCIA standard electrical interface 
specification and wherein said image converting means 
and said signal converting means are contained within 
an enclosure, and wherein said interfacing means fur- 
ther includes a cable for connecting said structural 
element to said enclosure. 

4. An electronic camera as claimed in claim 3 wherein 
said signal processor provides gamma correction and/or 
white balancing. 

5. An electronic camera as claimed in claim 3 wherein 
said signal processor is a look-up memory having a transfer 
function that provides gamma correction and/or white bal- 
ancing. 

6. An electronic camera as claimed in claim 5 wherein 
said look-up memory also stores information concerning the 
camera, such as the camera serial number, or a sensor defect 
map. 

7. An electronic camera as claimed in claim 6 wherein 
said look-up table contains software utilizable by the com- 
puter for processing the images. 

8. An electronic camera as claimed in claim 3 wherein 
said extender board supports the camera against a side of the 
computer having the card slot. 

9. An electronic camera as claimed in claim 3 wherein 
said extender board is removable from the camera. 

10. An electronic camera as claimed in claim 3 wherein 
said extender board may be folded along a side of the 
camera. 
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MULTI-MODE DIGITAL CAMERA WITH between a host computer and the camera. As a result, the 

COMPUTER INTERFACE USING DATA functionality of user-controlled switches, e.g., the shutter 

PACKETS COMBINING IMAGE AND MODE button, remains fixed. 



DATA 

FIELD OF THE INVENTION 



SUMMARY OF THE INVENTION 



The present invention is directed to overcoming one or 
The invention relates generally to the field of electronic mor e of the problems set forth above. Briefly summarized, 
photography, and in particular to a digital camera capable of according to one aspect of the present invention, a digital 
interfacing with a computer. camera, which captures images and transfers the captured 



BACKGROUND OF THE INVENTION 



images to a host computer, includes an image sensor 
exposed to image light for capturing the images and gener- 

There are generally two types of electronic cameras, those ating image signals; an A/D converter for converting the 

that produce motion images and those that produce still image signals into digitized image data; a digital interface 

images. Typical motion cameras include motion video cam- for transferring the digitized image data to the host com- 

eras and computer-connected cameras like the Color Quick- 15 puter; means for controlling the image sensor in at least two 

Cam™ camera sold by the Connectix Corporation, and different camera configurations, each configuration includ- 

typical still cameras include the Kodak line of digital ing configuration information defining a plurality of camera 

cameras, including the DC40 and DC50 cameras sold by the parameters; and means for communicating at least part of 

Eastman Kodak Company. With motion video cameras, it is the configuration information along with the digitized image 

typical to input images to a computer via a "frame grabber" 20 data to the computer via the digital interface, 

board. In this case still images and motion images are By providing two or more configurations that are imme- 

cap lured using a single field or frame of the video. diately accessible to the camera, and which can be set from 

Therefore, the processing for motion and still images, per- the host computer, the flexibility of the camera is increased, 

formed in hardware inside the camera, is the same whether Y*ov example, the camera may be configured for capturing 

still or motion images are captured. st jn and motion images with a "shutter" button that is used 

With electronic still cameras, the output processing is for different purposes in the different configurations. In one 

typically oriented toward still images, since still image case, pressing the shutter button changes the camera from 

capture is the object of the camera. U.S. Pat. No. 5,402,170, the motion mode to immediately capture a still image. In a 

entitled "Hand-manipulated Electronic Camera Tethered to 3Q second case, pressing the shutter button keeps the camera in 

a Personal Computer*', describes a digital still camera teth- motion mode, but enables the recording of a motion 

ered to a computer for capturing an image and providing the sequence in the computer hard drive memory. It does so by 

captured image to the computer for storage therewith. Cap- sending a code along with the image to indicate that the 

ture of images can be initiated from the camera, but its button has been pressed, thereby triggering the storage of the 

shutter button, which is controlled pursuant to a status signal 35 image sequence on the computer's disk. When the button is 

from the computer, is used only to initiate the capture of still pressed a second time, this indicates to the computer to stop 

images. the storage process. The digital camera output data includes 

If the electronic still camera provides another mode, it is both the digital image data and a "configuration code 1 ' that 

typically subsidiary to the main purpose. For example, in indicates which of the two configurations was used for the 

U.S. Ser. No. 08/367,399, filed Dec. 30, 1994 (entitled 40 image data presently being output by the camera. This 

"Electronic Camera Having Dual Modes for Composing and indicates to the host how to process the image data, whether 

Capturing Still Images" and assigned to the same assignee as to store the image data, and/or simply display the image 

the present invention), an electronic still camera is described data. It also provides a "sync code" that allows the computer 

in which a motion mode is used to provide a "preview" to detect data dropouts and resync the video stream by 

image on an LCD viewfinder prior to still mode capture. The 45 dropping a frame. 

camera does not output the motion image data, but simply These and other aspects, objects, features and advantages 

displays the motion data on the LCD display. Being part of of the present invention will be more clearly understood and 

its fixed signal processing, the camera does not allow the appreciated from a review of the following detailed descrip- 

user to affirmatively elect between the motion and the still tion of the preferred embodiments and appended claims, and 

mode. 5 q by reference to the accompanying drawings. 

U.S. Pat. No. 5,301,244, entitled "Computer Input Scan- 
ner Incorporating Multiple Scanning Modes", describes a BRIEF DESCRIPTION OF THE DRAWINGS 

film scanner useful as an input device for a computer. The nrr , 1 • n , , , f n m A . u , _ 

. . * j , • , FIG. 1 is a block diagram or a multi-mode digital camera 

film scanner is operable in two modes: the first mode is a low ... „ ♦ - * ~e a- ♦ ( u • ** 

, r t . , „ with a computer interface according to the invention, 

resolution monochrome prescannmg mode used tor com- ss _ . , , , 

posing (zooming and cropping) the image, and the second is FIG * \ 15 a dra wmg of the camera encasement for the 

a high-resolution color sequential mode in which three camera shown in FIG - 1- 

successive high resolution color scans are obtained. Two FIG- 3 shows illustrations of computer screens used as a 

user-controlled switch functions on the scanner are used: camera user interface for the camera shown in FIG. 1. 

one to continuously capture low resolution frames in the 60 ncc/-DTDTTnM nu tuc 

prescan mode, and the second to initiate a high-resolution DETAILED DESCRIPTION OF THE 

scan. These switch functions, however, always perform the fcNUUN 

same task, that is, either to initiate prescan or to capture a Because imaging devices employing electronic sensors 

high resolution image. are well known, the present description will be directed in 

While describing two modes of operation in some cases, 65 particular to elements forming part of, or cooperating more 

the prior art does not allow flexibility in user selection of directly with, apparatus in accordance with the present 

these modes, or in the communication of mode information invention. Elements not specifically shown or described 
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herein may be selected from those known in the art. Certain differential data, and the data is transferred in packets. A 

aspects of the embodiments to be described may be provided SYNC field precedes each data packet to allow the receiver 

in software. Given the system as described in the following (s) to synchronize their bit recovery clocks. The basic unit of 

materials, all such software implementation needed for scheduling is 1 mSec. All bus transactions involve the 

practice of the invention is conventional and within the 5 transmission of up to three packets, which include from 1 to 

ordinary skill in such arts. 1024 bytes of data plus a 3 bytes header that includes an 

A block diagram of a multi-mode digital camera with error detection code word. Each transaction begins when the 

computer interface according to the invention is shown in host computer 12, on a scheduled basis, sends a USB packet 

FIG. 1. The camera 10 is connected to a host computer 12 describing the type and direction of transaction, the USB 

via a USB (universal serial bus) digital host interface 14, 10 device address, and endpoint number. This packet is referred 

which also provides power to the camera 10. USB is a to as the Token Packet. The USB device that is addressed, 

well-known shared bus that can be connected to other e.g., the camera 10, selects itself by decoding the appropriate 

devices, such as keyboards, printers, etc. (USB is described address fields. In a given transaction, data is transferred 

in the Universal Serial Bus Specification, 1.0 Final Draft either from the host to a device or from a device to the host. 

Revision, Nov. 13, 1995, which can also be viewed on the 15 The direction of data transfer is specified in the token packet. 

Web at http://www.teleport.com/-USB.) The camera 10 can The source of the transaction then sends a Data Packet or 

acquire both still and motion images. The camera data is indicates it has no data to transfer. The destination in general 

processed by the host computer 12 to create final images that responds with a Handshake Packet indicating whether the 

can be displayed on a computer monitor 16, e.g., transmitted transfer was successful. 

along with audio as part of a "computer videoconference", 20 The USB data transfer model between a source or desti- 

etc. The camera 10 can produce both high quality (i.e., high nation on the host and an endpoint on a device is an 

resolution) still images and high frame rate, reduced reso- abstraction referred to as a "pipe". There are two types of 

lution motion images. pipes: stream and message. Stream pipes are always unidi- 

The camera 10 includes an optical section 18 for imaging rectional in their communication flow. Stream data has no 

light from a subject upon an electronic image sensor 20. A 2 5 USB defined structure while message data does, 

preferred image sensor is a Kodak KAI-0320CM interline Additionally, pipes have associations of data bandwidth, 

transfer, progressive-scan charge -coupled-device (CCD) transfer service type, and endpoint characteristics like direc- 

image sensor with a usable active image area having 640 tionality and buffer sizes. Pipes come into existence when a 

columns and 480 rows of color photo elements arranged in USB device is configured. USB bandwidth is allocated 

the well-known Bayer color filter array pattern (see U.S. Pat. 30 among pipes. Multiple stream mode pipes can be serviced at 

No. 3,971,065 for a description of the Bayer pattern). An different intervals and with packets of different sizes, 

analog section 22 in the camera 10 includes the sensor 20, USB supports two types of pipes, "isochronous" (which 

a CDS/gain block 24 for performing correlated double guarantees a continuous data stream using a subset of the 

sampling (CDS) and setting the analog gain, an analog-to- USB data rate) and "asynchronous" (which transfers blocks 

digital (A/D) converter 26 for converting the analog output 35 of data but may incur a delay before the transfer can begin), 

signal from the CCD sensor 20 to ,e.g., an 8-bit digital The camera USB interface has one pipe for transporting 

signal, and CCD clock drivers 28 for clocking the sensor 20. control data to the camera and another for transporting 

A digital section 30 includes a CCD timing generator 32, a image data from the camera. The latter pipe is a "stream" 

static RAM memory 34, a line store timing generator 36, a pipe that can use either "bulk" data transfer mode 

microprocessor 38, and a USB device interface 40. The USB 40 (asynchronous) or isochronous (streaming real time data 

device interface 40 connects to the USB host interface 14 by transfer) mode which occupies a pre negotiated amount of 

means of a USB cable 42. USB bandwidth with a prenegotiated delivery latency. The 

The sensor 20 is controlled by the timing generator 32 via USB allocates bandwidth for isochronous pipes when the 

the CCD clock driver 28. The digital data from the sensor 20 pipe is established. Bulk and Isochronous mode pipes are 

is temporarily stored in the static RAM memory 34, pref- 45 stream pipes that deliver data in the data packet portion of 

erably a 64K bit static RAM memory (for example part bus transactions with no USB required structure on the data 

number IDT7164 made by Integrated Device Technology, content. 

Inc.) which is controlled by a line store timing generator 36 The camera 10, as shown in FIG. 1, also includes a shutter 
so as to serve as a line store. Besides controlling the sensor button 44 for initiating an image capture sequence and a 
20, the CCD timing generator 32 also controls the line store 50 light emitting diode (LED) 46 for indicating operation of the 
write clock applied to the line store timing generator 36. The camera during the capture sequence (i.e., to indicate that the 
output of the line store memory 34 is connected to the host camera is taking a picture). A drawing of the camera 
computer 12 via the USB device interface 40, which oper- encasement is shown in FIG. 2. The camera 10 includes a 
ates at a maximum data rate of 12 M bits/sec. (See the article detachable stand 50 which can be placed on top of the 
"Universal Serial Bus to Simplify PC I/O", by Michael 55 computer monitor 16 for "hands- free" operation. The cam- 
Slater in Microprocessor Report, Volume 9, Number 5, Apr. era 10 can also be removed from the stand 50 and used for 
17, 1995 for more detail about the benefits of the USB "hand-held" operation. The encasement of the camera 10 
interface.) The microprocessor 38, which may be the Intel shows the shutter button 44 and the LED indicator light 46, 
82930 microprocessor, reads data from the line store 34, and which is useful for the "hand-held" mode, 
transfers the data to the computer 12 via the USB interface go The host computer 12 controls the camera picture- taking 
40 (which maybe incorporated as part of the microprocessor process by instructing the camera 10 when to take still or 
38). The USB cable 42 includes four wires, one pair for motion pictures, and setting the electronic exposure time and 
sending data to and from the host computer 12, and a second the analog gain in the CDS/gain block 24 via the micropro- 
pair for supplying power to the camera 10 from the host cessor 38. The USB hardware and software provides corn- 
computer 12. 65 munication between the host 12 and the camera 10 through 
As generally used, the USB interface has a clock rate of the aforementioned abstraction called a "pipe". When the 
12 MHz. The clock is transmitted encoded along with the camera 10 is connected to the host 12, camera driver 
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software running on the host 12 indicates the latency and 
bandwidth required for the camera. 

The operational modes of the camera 10 can be adjusted 
from the host computer 12. More particularly, the micro- 
processor 38 includes camera registers 72 that store at least 
two different camera configurations communicated from the 
host computer 12 for controlling the image sensor in at least 
two modes, wherein each configuration includes information 
defining a plurality of camera parameters as shown in the 



setting of the corresponding configuration, i.e., taken 
together these parameters make up the exposure. 

The button mode parameter determines whether the shut- 
ter button 44 is enabled or disabled. When the shutter button 
is disabled, pressing the button does not change the mode. 
However, the camera conveys the button status (pressed or 
not pressed) to the computer, and this can be useful (as will 
be described) in instructing the computer to save all the 
images transmitted or not. When the shutter button is 



first column of Table 1. As further shown in the second 1Q enabled, pressing the button causes the camera to automati- 
column of Table 1 the parameters may assume a number of cally shift t0 tne other configuration stored in the camera 
allowed values that are appropriate for either motion 



(continuous) or still (single shot) modes. 



TABLE 1 



Parameter 



Camera configuration parameters 



Allowed values 



Capture mode 


Continuous or single-shot 


Button mode 


Enabled or disabled 


Link field 


Configuration 0, 




configuration 1, stop 


Color mode 


Color or monochrome 


Number of bits per sample 


8 or 4 


Crop values 


Starting line #, Ending 




line # 




Starting pixel #, Ending 




pixel # 


Green horizontal 


1, 1/2, 1/4 (320, 160, or 80 


sub sampling factor 


pixels max.) 


Green vertical subsampling 


1, 1/2, 1/4, 1/8 (480, 240, 


factor 


120, or 60 lines max.) 


Red/Blue horizontal 


1, 1/2, 1/4, 1/8 (320, 160, 


subsampling factor 


80, or 40 pixels max.) 


Red/Blue vertical 


1, 1/2, 1/4, 1/8 (240, 120, 


subsampling factor 


60, or 30 pixels max.) 


Integration time 


1 msec to 100 msec 


Analog gain 


1-7 unit adjustments 



registers 72, i.e., if presently in configuration 0, then the 
camera shifts to configuration 1 or if presently in configu- 
ration 1, then the camera shifts to configuration 0. The link 
15 field parameter determines which configuration will be used 
to capture the next image frame. For example, if the camera 
is in configuration 0 and the link field is also configuration 
0, the camera will examine the link field after capturing each 
frame and see that it should always return to the same 
20 configuration. Thus, the camera will continue to take pic- 
tures in configuration 0 until the shutter button is pressed. 
This is the typical operational sequence for the motion or 
continuous capture mode. On the other hand, if the camera 
is currently in configuration 0 and the other configuration 
25 stored in the camera registers 72 is configuration 1 with a 
link field of 0, when the shutter button is pushed the camera 
shifts from configuration 0 to configuration 1, takes one 
frame, looks at the new link field (which is 0), and shifts 
back to configuration 0. This is the typical operational 
30 sequence for a still capture. The "stops" value in the link 
field parameter idles the camera such that it is not producing 
pictures. This can be useful in shutting the camera down, 
e.g., after taking a still image until the shutter button is again 
pressed, which restarts the motion mode. 
35 As set forth in Table 1, the parameters include allowed 
values appropriate for two different camera configurations: 
Many of these parameters are particularly useful in the therein called camera configuration 0 and camera configu- 
continuous (motion video) capture mode, in order to provide ration 1. Table 2 shows a specific selection from the allowed 
a higher video frame rate, and in determining how the values, wherein configuration 0 is a low resolution continu- 
camera moves from one configuration to the other. For 40 ous (motion) configuration and configuration 1 is a full 
example, the camera 10 is configured by input from the host resolution single-shot (still) configuration. When the camera 
computer 12 by specifying the values of the group of is first powered up, default values are stored such as those 
parameters shown in Table 1, as follows. (1) From the shown in the first column of Table 2 for the continuous 
"color" mode parameter, either a color image is selected, capture mode and in the second column for the single-shot 
thereby causing the camera to transfer RGB images, or a 45 capture mode. Since the continuous mode (configuration 0) 
monochrome image is selected by specifying the "mono- is used first and the link field is set to configuration 0, the 
chrome" value, thereby causing the camera to transfer only camera 10 begins sending a series of color motion images, 
the green data. (2) By means of the crop value parameter, the each with 320x240 green pixels and 160x120 each red and 
selected starting and ending lines and pixels may be used to blue pixels per image, with 4 bits per color. This allows a 
"crop" the image before it is transferred, thereby further 50 frame rate of over 10 frames per second at a data transfer rate 
reducing the amount of data that has to be sent to the of 5 Mbits per second. The user can hold the camera while 
computer 12. This also has the effect of acting as a "digital viewing the computer monitor display 16 to create a motion 
zoom", and can be presented on screen as either a smaller sequence for videoconferencing, or in order to frame a 
image than the non-cropped original, or as a "zoomed in" person, object, or document to be captured. When the user 
version of the original. (3) By specifying the horizontal and 55 presses the shutter button 44, the camera immediately moves 
vertical subsampling factors (to be other than the allowed to the single-shot mode and uses the parameters from 
value of 1), the desired color plane (Red, Green, and Blue) configuration 1, which in this example captures a color 
is accordingly subsampled as the data is stored into the line image with 320x480 green pixels and 320x240 red and blue 
store 34, Since the Bayer color filter pattern is a mosaic of pixels, with 8 bits per color. Since the link field parameter is 
separate colors, the number of pixels obtained by use of each 60 set to configuration 0, a still is captured and the camera 
subsampling factor corresponds to a fraction of the number immediately shifts back to configuration 0, the continuous 
of red, green, and blue pixels in the pattern. (4) By speci- mode. Because the parameters for the two configurations are 
fying the number of bits per sample, it is possible to select programmed by the computer but stored in the camera mode 
different color depths (all 8 bits/color vs. using only 4 registers 72, the desired type of image can be immediately 
bits/color) as the data is read from the line store 34 and 65 captured when the shutter button 44 is pushed, without 
transferred over the USB interface 40. (5) The exposure of waiting for additional communications between the host 
each image is determined by the integration time and gain computer 12 and the camera 10. 
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TABLE 2 



An example of camera configuration parameters 
for motion to still capture 



Configuration 0 
value 



Configuration 1 
value 



Capture mode 
Button press mode 
Link field 
Color mode 
Number of bits per 
sample 
Crop values 



Green horizontal 
subsampling factor 
Green vertical 
subsampling 
Red and Blue 
horizontal 
subsampling factor 
Red and Blue 
vertical subsampling 
factor 

Integration time 
Analog gain 



Continuous 

Enabled 

Configuration 0 

Color 

4 

Starting line - 1, 
Ending line = 480 
Starting pixel =■ 3, 
Ending pixel o 640 
1 (320 pixels) 

1/2 (240 lines) 

1/2 (160 pixels) 

1/2 (120 lines) 



30 msec 
7 



Single-shot 
Enabled 
Configuration 0 
Color 



Starting line = 1 , 
Ending line = 480 
Starting pixels = 1, 
Ending pixel = 640 
1 (320 pixels) 

1 (480 lines) 

1 (320 pixels) 



1 (240 lines) 



100 msec 
2 



immediately captured when the shutter button 44 is pushed, 
without waiting for additional communications between the 
host computer 12 and the camera 10. When the user presses 
the shutter button a second time, the camera reverts back to 
configuration 0 operation and storage of the video stream is 
terminated. 

TABLE 3 

An example of camera configuration 
parameters for monochrome motion to color motion 



25 



30 



35 



Alternately, instead of using the default parameters for 
configurations 0 and 1 as shown in Table 2, the user can 
chose preferred parameter values using the user interface 
screens shown in FIG. 3, which appear on the computer 
monitor 16 when the user interface is enabled. More 
specifically, the user clicks on a "camera adjustments" icon 
60 on a basic screen 62 in order to pull down a camera 
adjustments screen 64. By then clicking on an "advanced 
camera settings" icon 66, an advanced camera settings 
screen 68 is obtained, and so on through as many additional 
screens 70 as are needed. The computer would take the user 
settings and translate them into the appropriate configuration 
settings for the camera, e.g., the zoom setting would be 40 
translated into the crop windows. In this manner, the camera 
configurations may be customized for the specific applica- 
tion. 

For example, Table 3 shows a customized selection from 
the allowed values, wherein configuration 0 is a low reso- 45 
lution continuous (motion) monochrome configuration and 
configuration 1 is a low resolution continuous (motion) color 
configuration. When the camera is powered up, the continu- 
ous monochrome mode (configuration 0) is used first and the 
link field is set to configuration 0. The camera 10 thus begins 50 
sending a series of monochrome motion images, each with 
320x240 green pixels, with 4 bits per pixel. This would 
allow a frame rate of approximately two times the frame rate 
of a similar resolution color image stream. The user can hold 
the camera while viewing the computer monitor display 16 55 
to create a motion sequence for videoconferencing, or in 
order to frame a person, object, or document to be captured. 
When the user presses the shutter button 44, the camera 
immediately moves to the color motion mode and uses the 
parameters from configuration 1, which in this example 
captures a color image with 320x240 green pixels and 
160x120 red and blue pixels, with 4 bits per color. Since the 
link field parameter is set to configuration 1, the camera 
begins sending a series of color images in the continuous 
mode. Because the parameters for the two configurations are 65 
programmed by the computer but stored in the camera mode 
registers 72, the desired type of motion sequence can be 



60 



capture 




Configuration 0 


Configuration 1 




value 


value 


Capture mode 


Continuous 


continuous 


Button press mode 


Enabled 


Enabled 


Link field 


Configuration 0 


Configuration 1 


Color mode 


Monochrome 


Color 


Number of bits per 


4 


4 


sample 






Crop values 


Starting line = 1 


Starting line = 1, 




Ending line = 480 


Ending line = 480 




Starting pixel = 1 } 


Starting pixels « 1, 




Ending pixel = 640 


Ending pixel <=■ 640 


Green horizontal 


1 (320 pixels) 


1 (320 pixels) 


subsampling factor 






Green vertical 


1/2 (240 lines) 


1 (240 lines) 


subsampling 






Red and Blue 




1 (160 pixels) 


horizontal 






subsampling factor 






Red and Blue 




1 (120 lines) 


vertical subsampling 






factor 






Integration time 


30 msec 


30 msec 


Analog gain 


7 


7 



Other combinations of configurations can be readily 
implemented. For example, configuration 0 (link field 0) 
could be a low resolution motion mode (by use of the 
subsampling factors) and configuration 1 (link field 1) could 
be high resolution mode. The shutter button would be used 
to toggle between the two odes. Another example would use 
configuration 0 (link field 0) as a full resolution image and 
configuration 1 (link field 1) as a cropped image (by appro- 
priate use of cropped values). Then the shutter button would 
be used to toggle between a "conventional" image and a 
"zoomed" image. Many other combinations are possible, 
e.g., high resolution color to low resolution color, moderate 
subsampling to significant subsampling, low resolution 
color motion to high resolution monochrome still, and so on. 
Since the shutter button is used as a toggle to move between 
configurations, it takes on a multiplicity of functions. (Note 
that not all combinations need be exposed to the end user.) 

The image data is transmitted to the host computer 12 via 
packets of information, which may be 64 bytes per packet 
when the USB "bulk" transfer mode is used. The first packet 
of data at the beginning of each new frame includes the 
configuration and status information shown in Table 4. The 
header begins with a 4 byte "Sync word" (1) that identifies 
the image frame number, followed by a value (2) that 
indicates how many bytes of image data are contained in the 
frame. The color mode and number of bits per sample (3), 
cropping values (4), and subsampling factors (5) provide the 
aforementioned configuration values. The button status (6) 
indicates whether or not the user is currently pressing the 
shutter button. (Note that this status is independent of the 
button press mode shown in Tables 1, 2, and 3). Following 
the image header, packets containing the image data are 
transmitted. The number of packets per frame depends on 
the camera configuration. 
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TABLE 4 




Frame header configuration and status 






information 






Name 


Bytes 


l 


Sync word 


4 


2 


Number of image data bytes in packet 


4 


3 


Color mode and number of bits per sample 


2 


4 


Cropping values 


8 


5 


Green and RecYBIue horizontal and vertical 


2 




subsampling factors 




6 


Button status 


1 



10 



Including the configuration information and camera status 
information in the data packets sent to the computer 12 has 
the following advantages: 

The button status value (6) is used to control whether or 
not the image data is stored in the computer memory, 
typically using the computer's hard drive. For example, 
in some still modes it indicates that the still image 
should be stored, and in some continuous modes it 
indicates that the sequence of motion images captured 
when the button is depressed would be recorded as a 
"movie" sequence. 

The sync word is used to indicate which image frame the 
data is from, since each image is transferred using 
numerous data packets. If a data packet from the "next" 
frame is received by the computer before all of the data 
from the "current" frame is received, the computer will 
know that one of the packets for the current frame has 
been "dropped". In this case, the "old" frame will be 
repeated, and the current frame will not be displayed. 
The computer will then begin building the next frame, 
and re-sync with the display/storage stream at the 
appropriate time. 

The configuration information can be used by the com- 
puter to ensure that the image processing path is 
correctly set. 

The invention has been described with reference to a 
preferred embodiment. However, it will be appreciated that 
variations and modifications can be effected by a person of 
ordinary skill in the art without departing from the scope of 
the invention. 



PARTS LIST 

10 digital camera 

12 host computer 

14 USB digital host interface 

16 computer monitor 

18 optical section 

20 electronic image sensor 

22 analog section 

24 CDS/gain block 

26 A/D converter 

28 CCD clock drivers 

30 digital section 

32 CCD timing generator 

34 static RAM memory (line store) 

36 line store timing generator 

38 microprocessor 

40 USB device interface 

42 USB cable 



20 



25 



30 



35 



45 



50 



55 



60 



65 



44 shutter button 
46 LED 

50 detachable stand 

60 camera adjustment icon 

62 basic screen 

64 camera adjustments screen 

66 advanced camera settings icon 

68 advanced camera settings screens 

70 additional screen 

72 camera mode registers 

What is claimed is: 

1. A digital camera for capturing images and transferring 
the captured images to a host computer, said camera com- 
prising: 

an image sensor exposed to image light for capturing the 

images and generating image signals; 
an A/D converter for converting the image signals into 

digitized image data; 
a digital interface for transferring the digitized image data 

to the host computer; 
means for controlling the image sensor in at least two 

different camera configurations, each configuration 

including configuration information defining a plurality 

of camera parameters; 
means for storing the camera configuration information 

defining the plurality of camera parameters for the at 

least two different camera configurations; 
means for selecting a camera configuration; and 
means for communicating at least part of the selected 

configuration information from the storage means 

along with the digitized image data to the computer via 

the digital interface. 

2. The camera as claimed in claim 1 wherein the digital 
interface is a Universal Serial Bus (USB) interface. 

3. The camera as claimed in claim 1 wherein said at least 
two different configurations comprise separate modes for 
still and motion readout of the sensor. 

4. The camera as claimed in claim 1 wherein said at least 
two different configurations comprise separate modes for 
motion readout of the sensor. 

5. The camera as claimed in claim 3 wherein, in the 
motion readout mode, the sensor does not transfer all of the 
sensor image data to the digital interface. 

6. The camera as claimed in claim 1 wherein the con- 
figuration information includes at least one of a color mode, 
a subsampling factor, a number of bits per sample, and a 
cropping factor. 

7. A digital camera for capturing images and transferring 
the captured images to a host computer, said camera com- 
prising: 

an image sensor exposed to image light for capturing the 
images and generating image signals; 

an A/D converter for converting the image signals into 
digitized image data; 

a digital interface for transferring the digitized image data 
to the host computer; 

a memory for storing configuration information defining 
camera parameters for at least two different camera 
configurations, each configuration including camera 
parameters that apply to a current image and a linkage 
parameter that indicates which configuration to apply to 
a next image; and 

means for controlling the image sensor in a selected one 
of said at least two different camera configurations 
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according to the configuration information that applies 
to the current image, wherein the controlling means is 
further responsive to the linkage parameter in the 
selected configuration to determine which configura- 
tion to apply to the next image. 

8. The camera as claimed in claim 7 wherein a first value 
of the linkage parameter requires staying in the same con- 
figuration and a second value of the linkage parameter 
requires moving to another configuration. 

9. The camera as claimed in claim 8 wherein the first 
value of the linkage parameter corresponds to capturing a 
sequence of continuous images in a first configuration and a 
second value of the linkage parameter corresponds to cap- 
turing a still image before moving to said another configu- 
ration. 

10. The camera as claimed in claim 9 wherein moving to 
another configuration, as required by the second value of the 
linkage parameter, comprises moving back to the first con- 
figuration. 

11. A digital camera for capturing images and transferring 
the captured images to a host computer, said camera com- 
prising: 

an image sensor exposed to image light for capturing the 
images and generating image signals; 
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an A/D converter for converting the image signals into 
digitized image data; 

a digital interface for transferring the digitized image data 
to the host computer; 

a memory for storing configuration information defining 
camera parameters for at least two different camera 
configurations, the configuration information including 
a linking parameter that indicates that the digital cam- 
era should shift to a second configuration after a 
capture is initiated in a first configuration; 

a timing generator for controlling the image sensor in said 
at least two different camera configurations according 
to the configuration information defining the camera 
parameters, wherein the timing generator is responsive 
to the linking parameter to control the image sensor in 
the second configuration; and 

means for communicating at least some of the configu- 
ration information stored in the memory from the 
camera to the computer via the digital interface. 
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